Ontario 


)Nater  Standards  Technology  Transfer  Forum 

Protecting  our  emironmnt 


(0| 
SI 

Oi 
<: 


PRESENTED  BY: 
The  Environmental  Sciences  and 
Standards  Division 
Ministry  of  the  Environment 


Environment  Ontario 

Laboratory  Library 
125  Resources  Rd. 
Bobicoke,  Ontario    M9P  3V6 
Canada 


Thursday,  April  1 0,  2008 

Ministry  of  the  Environment  Auditorium 


MOE 
WAT 
APRW 


I 


c.l 
a  aa 


LU  R  A 


Ontario 


100%  recycled  paper 


Digitized  by  the  Internet  Archive 

in  2015 


https://archive.org/details/waterstandardste22637 


©Environment  Ontanc 
Laboratory  Library 
125  Resources  Rd 
ttobicoke,  Ontario  M9P 
TABLE  OF  CONTENTS  Canada 

AGENDA  2 

PRESENTERS 
Sonya  Kleywegt 

Presenter  Information  4 

EDC  Screening  Assay  Presentation  6 

Kent  Novakowski 

Presenter  Information  12 

Safety  of  Wells  in  Fractured  Bedrock  Presentation  13 

Albert  Simhon 

Presenter  Information  16 

Quantitative  Microbial  Risk  Assessment  Presentation  1 7 

Shirley  Anne  Smyth 

Presenter  Information  2! 

Contaminates  of  Emerging  Concern  in  Biosolids  Presentation  23 

Vince  Pileggi 

Presenter  Information  26 

STP  Chemical  Characterization  Study  Presentation  27 

Mark  Knight 

Presenter  Information  33 

Leachate  Control  Wells  Presentation  34 

Tim  Van  Seters 

Presenter  Information  42 

The  Sustainable  Technologies  Evaluation  Program  Presentation  43 

Ron  Hoffman 

Presenter  Information  47 

Disinfection  By-products  Presentation  48 

PANELISTS  BIOGRAPHIES  52 

ADDITIONAL  RESEARCH  -  A  Review  of  the  Performance  of  Ontario  Lagoons 
Compared  to  the  CCME  Standard  53 


LIST  OF  PARTICIPANTS 


57 


Water  Standards  Technology  Transfer  Forum 


Ontario 


Protecting  our  environment 


J 


Thursday,  April  10,  2008 
8:30  A.M.  to  4:30  P.M. 

Ministry  of  the  Environment  Auditorium 
1 25  Resources  Road 
Toronto,  Ontario 

Presented  by  the  Ontario  Ministry  of  the  Environment,  Environmental  Sciences  and  Standards  Division, 
Standards  Development  Branch  (SDB),  this  Forum  is  designed  to  exchange  knowledge  and  experience 
gained  through  research  by  the  MOE  and  its  partners  as  well  as  provide  a  forum  for  the  identification  of 
needs  and  gaps  in  research. 


Agenda 


Time 

Topic 

8:30  -  9:00 

Registration 

9:00-9:10 

Welcome  and  Overview  Julie  Schroeder  SDB  MOE 

9:10-9:30 

Pres#l:  Sonya  Kleywegt,  SDB  MOE  -  EDC  Screening  Assay 

9:30:-9:50 

Pres#2:  Kent  Novakowski  Queens  U  -  Safety  of  Wells  in  Fractured  Bedrock 
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Pres#6:  Mark  Knight,  U  of  W  -  Leachate  Control  Wells 

1  1:20-1  1:40 

Pres#7:  Tim  Van  Seters,  TRCA  -  The  Sustainable  Technologies  Evaluation  Program 

1  1:40-12:00 

Pres#8:  Ron  Hoffman,  U  of  T  -  Drinking  Water  -  Disinfection  By-products 

12:00-12:45 

Lunch 

1 2:45-2:00 

Panel  Presentation  &  Discussion 
Heather  Brodie-Brown 

Stormwater,  Groundwater  and  Watershed  Initiatives 
Janusz  BudziakowskI 

Drinking  Water  Challenges 
Mano  Manoharan 

Municipal  Wastewater  Challenges 
Pat  Lachmaniuk 

Partnerships  for  Applied  Research 

2:00  -2:15 

Break 

2:15-3:15 

Concurrent  Breakout  Sessions  (See  reverse  for  details) 

3:15-4:30 

pm  plenary/  wrap  up,  evaluation  form  and  Closing  Remarks 

4:30 

Adjourn 
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Concurrent  Breakout  Sessions 

Participants  will  spend  an  hour  in  the  afternoon  in  a  small  group  session  focused  on  one  of  3 
topics,  including: 

1 .  Drinking  Water  Treatment 

2.  Wastewater  Treatment 

3.  Stormwater,  Watershed  Management  and  Hydrogeology 

Each  table  will  be  asked  to  respond  to  a  number  of  questions  in  a  "Brainstorm"  format. 
Notetakers  at  each  table  will  keep  detailed  notes  of  points  in  the  discussion  and  a  reporter 
will  be  asked  to  report  back  to  the  large  group  a  summary  of  responses  to  the  questions. 

The  table  facilitator  will  guide  the  group  through  the  following  questions.  10-12  minutes  per 
question  will  leave  10  minutes  at  the  end  of  the  session  to  summarize  the  group's  ideas.  The 
number  of  participants  at  each  table  will  help  to  define  how  much  time  each  person  will  be 
given  to  respond  to  the  questions. 

Worksheets  are  provided  to  each  participant  that  can  be  used  to  enter  additional  notes 
throughout  the  session.  Please  leave  your  worksheets  with  the  facilitator. 

Here  are  the  questions: 

1 .  Is  the  current  level  and  direction  of  research  supported  and  underway  by  the 
Ministry  and  collaborators  in  your  area  of  interest  adequate  and/or  appropriate? 

2.  What  are  the  areas  of  research/study  that  you  feel  should  be  explored  that  are 
not  currently  underway? 

3.  Based  on  the  Ministry's  research  initiatives,  please  identify  areas  where 
technology  transfer  would  be  beneficial  to  support  your  training  needs? 

4.  What  are  the  types  of  policies  or  guidelines  that  you  would  like  the  Ministry  to 
develop  in  support  of  the  work  you're  engaged  in? 

Evaluation  Forms  -  Included  in  your  participant  package.  Please  fill  out  and  leave  at  the  desk 
on  your  way  out. 

GOOD  LUCK!!! 
Have  a  great  day. 

Barry  Randall 
Session  Facilitator 
Lura  Consulting 
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Presenter  Biography 

Sonya  Kleywegt  is  a  scientist  with  tlie  Ontario  Ministry  of  the  Environment.  She  has 
been  with  ministry  for  just  over  5  years,  and  her  primary  focus  has  been  on  emerging 
compounds  including  pharmaceuticals  and  personal  care  products  in  the  environment. 
She  completed  her  bachelor  and  doctorate  degrees  in  the  field  of  biomedical  studies. 

Abstract 

Selection  and  Application  of  a  Tier  I  Screening  Assay  Methodology  to 
Identify  Endocrine  Disrupting  Activity  from  Selected  Municipal  Sewage 
Treatment  Plant  Effluents 

S  Kleywegt  I,  R  Letcher  2,  V  Pileggi  I,  M  Nowierski  I,  V  Trudeau  3  and  C  Metcalfe  4 

There  is  compelling  evidence  that  endocrine  disrupting  compounds  (EDCs)  that  are 
being  released  into  the  aquatic  environment  are  adversely  impacting  aquatic  organisms, 
including  fish  populations.  One  of  the  primary  sources  for  the  release  of  EDCs  into  the 
aquatic  environment  is  municipal  wastewater. 

The  analytical  means  to  detect  and  quantify  EDCs  is  time  consuming  and  expensive.  For 
this  reason  Trent  University,  Carlton  University  and  the  University  of  Ottawa,  in 
collaboration  with  the  Ministry  of  the  Environment,  developed  and  applied  Tier  I 
screening  assays  to  assess  biological  activity  of  potential  EDCs  in  the  effluents  from 
selected  Sewage  Treatment  Plants  (STPs)  in  Ontario.  Initial  investigations  tested  for  the 
presence  of  three  classes  of  EDCs  using  the  following  assays: 

1)  Estrogens  and  estrogenic  compounds  (Estradiol,  Estrone,  17a-  ethinylestradiol 
and  Nonyl  Phenol(NP))  utilizing  the  Yeast  Estrogenicity  (YES)  Assay; 

2)  Chlorinated  and  brominated  compounds  (PBDEs,  PCBs,  OH-PBDEs,  OH-PCBs, 
Triclosan  and  Pentachlorophenol)  utilizing  the  Thyroid  Transport  binding  assay 
and, 

3)  Pharmaceuticals  (Acetominophen,  Gemfibrozil,  Ibuprofen  and  Naproxen) 
utilizing  the  Peroxisome  Proliferators  Activated  Receptor  (PPAR)  assay. 

24  hour  composite  effluent  samples  were  collected  from  4  different  STPs  (fully  nitrifying 
secondary,  non-nitrifying  secondary,  denitrifying,  tertiary  with  pre-  and  post-disinfection) 
for  3  consecutive  days.  With  regards  to  the  estrogens  and  estrogenic  compounds, 
analytical  data  indicated  that  NP  was  present  in  :g  concentrations  in  all  effluents.  The 
synthetic  estrogen  1 7V-ethinylestradiol  (EE2)  was  not  detected  in  any  of  the  extracts, 
and  the  natural  estrogens  (173-estradiol  and  estrone)  were  detected  at  low  ng 
concentrations  in  the  full  nitrifying  and  the  tertiary  pre-disinfection  effluents.  The  results 
of  the  YES  assay  indicated  the  presence  of  estrogenic  activity  in  the  neutral  fraction  of 
samples  with  detectable  natural  estrogens  (E2). 
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With  respect  to  the  brominated  and  chlorinated  compounds,  none  of  the  72  PCB 
congeners  and  30  hydroxylated  PCBs  analyzed  was  detected  (<l  ng).  Among  the  group 
of  chlorinated  phenolic  analytes,  only  pentachlorophenol  (PCP)  and  the  personal  care 
product  triclosan  were  detected.  Triclosan  was  detected  at  the  highest  concentrations 
in  effluents  from  the  fully  and  non-nitrifying  STPs.  Of  the  20  PBDE  congeners  analyzed, 
only  BDE-47  and  -99  were  detected.  The  highest  concentrations  were  present  in  the 
extracts  from  the  tertiary  (pre-  and  post-disinfection)  and  the  non-nitrifying  plants  and 
neither  of  these  congeners  was  detected  in  samples  from  the  denitrifying  plant.  All 
effluent  extracts  produced  reductions  in  binding  of  the  '^^l-T4  tracer  by  approximately 
20  to  40%  relative  to  the  control  treatment.  This  indicates  that  chlorinated  and 
brominated  substances  detected  in  all  STP  effluents  are  capable  of  binding  with  the 
human  thyroid  transport  receptor  (hTTR).  Multiple  regression  analysis  indicated 
significant  positive  correlations  between  the  responses  to  the  extracts  in  the  TTR 
binding  assay  and  the  levels  of  PBDE  congeners  47  and  99  (neutral  fraction),  triclosan 
and  the  4'-OH-BDEI7  (acidic/phenolic  fractions)  and  a  significant  negative  correlation 
with  PCP. 

With  respect  to  the  pharmaceuticals,  acetaminophen,  ibuprofen,  gemfibrozil  and 
naproxen  were  detected  in  all  extracts  in  ng/L  concentrations.  An  alternative  approach 
for  evaluating  responses  to  these  PPAR  active  compounds  is  currently  being  developed. 
These  preliminary  results  indicate  that  in  vitro  assays  could  be  used  as  screening  tools  to 
monitor  for  endocrine  disruption  and  the  presence  of  specific  EDCs  in  environmental 
samples. 

S  Kleywegt  I,  R  Letcher  2,  V  Pileggi  I,  M  Nowierski  I,  V  Trudeau  3  and  C  Metcalfe  4 

1  Ontario  Ministry  of  the  Environment.  40  St.  Clair  Avenue  West,  Toronto,  ON.  M4V  I M2. 

2  Carlton  University.  I  125  Colonel  By  Drive,  Ottawa,  ON.  KIS  5B6. 

3  University  of  Ottawa.  550  Cumberland  Street,  Ottawa,  ON  KIN  6N5. 

4  Trent  University.  1 770  West  Bank  Drive,  Peterborough,  ON.  K9J  7B8. 
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Tier  1  Screening  Assay  Approach  for 
Monitoring  Endocrine  Disrupting  Compounds 
In  Sewage  Treatment  Plant  Effluents 

Presented  by:  Sonya  Kleywegt 
Presented  to:  Technology  Transfer  Symposium 
April  10,  2008 
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Purpose  of  the  Presentation 
Study  Goal 

To  determine  whettier  screening  assays  could  be 
utilized  to  detect  endocrine  /  biological  activity  in  effluent 
from  sewage  treatment  plants  in  Ontario 


Contents 


•Background 

-Sewage  Treatment  in  Ontario 
-Pharmaceuticals  and  EDCs  in  Sewage  Effluent 

•Experimental  Plan 

-Objectives  of  the  Study 
-Description  of  Sewage  Treatment  Plants 
-Assay  Descriptions 
-Target  Analytes 

•Results 

•Summary  &  Next  Steps 


Background  -  Sewage  treatment  in  Ontario 


There  are  462  STPs  in  Ontario  (160-lagoons,  10-primary,  200- 
secondary  and  92-tertiary) 

The  majority  of  plants  utilize  a  minimum  of  secondary  or 
equivalent  lagoon  treatment 

STP  effluents  contain  a  complex  mixture  of  non-conventional 
substances  from  the  parts  per  trillion  (ppt  or  ng/L)  to  parts  per 
million  (ppm  or  mg/L)  range  depending  on  input  from  domestic, 
commercial  and  industrial  sources 

Municipal  STPs  are  not  specifically  designed  to  reduce 
substances  other  than  conventional  parameters/pollutants 
(BOD,  SS,  TP,  TAN,  TN,  Pathogens  (E.  coli  as  indicator)) 


Background  -  Pharmaceuticals  in  Sewage 


EDCs  Include  a  wide  range  of  compounds  such  as 
hormones,  alkyi  phenols,  plasticizers,  pharmaceuticals  & 
brominated  flame  retardants 

There  is  compelling  evidence  that  EDCs  that  are  released  into 
the  aquatic  environment  are  impacting  aquatic  organisms, 
including  fish 

Research  with  17a-ethinylestradiol  in  laboratory  and  lake 
studies  has  shown  to  have  biological  effects  at  low 
concentrations  (ppt  or  ng/L) 


^'^^Ontario 
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Simplified  Representation  of  Fate  in  STP 


Air  Stj^ping 
B'otransformation 


Solubilization 


(De)  Conjugation 


IVIineralization  |  Effluent 


Sorbed  to  ■ 
Dissolved  OIVI  ■ 


borpiion  to 
Suspended  OM 


Sludge/Biosolids 


( Adapted  from  M.Servos,  2007) 


Human 

Pharmaceuticals 
:  Next  Steps 
towards 
Understanding 
Aquatic  Life 
Effects 


Virginia  L.  Cunningham, 
Mary  Buzby,  Ttiomas 
Hutctiinson,  Frani< 
Mastrocco,  Neil  Parl<e, 
Nicholas  Roden 


Estrogen  knocks  out  fish  in  whole-lake 
experiment  Dr.  Karen  Kidd 


Great  Lakes  Article: 

Is  our  water  hooked  on  drugs? 


Background  -  Ontario  Perspectives 

The  Environmental  Commissioner  of  Ontario's  (ECO)  2004-2005 
Annual  Report  identified  human  pharmaceuticals  in  the  aquatic 
environment  as  an  Emerging  Issue 

A  2006  report  prepared  by  the  Canadian  Institute  for 
Environmental  Law  and  Policy  (CIELAP),  There  is  No  "Away"- 
Pharmaceuticals  and  Personal  Care  Products  and  Endocrine- 
Disrupting  Substances:  Emerging  Contaminants  Detected 
In  Water 

In  2007,  the  ECO  recommended  the  province  should  invest 
millions  into  investigating  the  impact  of  FRCPs  the  chemicals  on 
animal  life  and  ecosystems  to  determine  their  potential  effects  on 
humans 


Objectives  of  the  Study 


The  specific  overall  objectives  of  the  study  were  to: 

1 .  Determine  whether  in-vitro  assays  area  reliable  method 
to  detect  endocrine  activity  in  Ontario  sewage  effluent 

2.  Develop  rapid  reliable  screening  assays  for  detection  of 
endocrine  disruption  in  environmental  samples 

3.  Determine  If  there  is  a  correlation  between  assay  activity 
and  the  concentration  of  particular  endocrine  disrupters 

4.  Determine  if  any  one  type  of  STP  effluent  had  induced 
elevated  endocrine  disruption  activity  as  compared  to 
other  types. 
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Experimental  Plan 


Sewage  Treatment  Plants  were  selected  based  on  their 
treatment  type,  municipal  waste  sources  and  proximity  to 
analytical  settings: 

-  Non-nitrifying  secondary  treatment 

-  Fully  nitrifying  secondary  plant 

-  Denitrifying  secondary  plant 

-  Tertiary  treatment  plant  (pre  and  post  disinfection) 


Influent  samples  were  not  collected.  Removal  efficiencies 
were  not  assessed  from  the  different  types  of  treatment  plants 

24  hour  composite  effluent  samples  were  collected  from  each 
plant  for  3  consecutive  days  in  May  2006  and  analyzed  for  15 
different  EDCs  parameters   


Ontario 
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Compounds  of  Interest 


EE2 


HORMONES  (mimics) 
-  17a-  ethinylestradiol  (synthetic) 
E2  -  Estradiol 

Estrone 
Nonyl  Phenol 


PHARIVIACEUTICALS 

Acetominophen 
Gemfibrozil 
Ibuprofen 
Naproxen 


BROMINATED  /  CHLORINATED  COMPOUNDS 

PBDEs 
OH-PBDEs 

PCBs 
OH-PCBs 
Triclosan 
Pentachlorophenol 
Tetrabromobisphenol  A 


Experinnental  Plan  -Screening  Assays 

•  An  alternative  to  using  ultra-trace  chemical  analysis 
to  monitor  for  EDCs  is  to  test  for  biological  endocrine 
disruption  activity  using  in  vitro  or  in  vivo  screening 
assays 

•  Screening  assays  are  sensitive,  relatively  rapid  and 
inexpensive  to  determine  if  there  are  parameters 
present  in  environmental  samples  (effluent)  that 
have  the  potential  to  induce  biological/  endocrine 
disruption  activity 


Ontario 


Experimental  Plan  -  Assay  Descriptions 

•  YES  Assay:  Yeast  Estrogenicity  Screening  Assay. 
Estrogen  activity:  hormones 

•  Thyroid  Transport  Protein  Binding  (hTTR) 
Haologenated  Compounds:  PBDEs,  PCBs,  triclosan, 
PCP,  TBBPA 

•  Peroxisome  Proliferators-activated  receptor  (PPAR) 
gene  assay.  Transgenic  Zebrafish:  Acidic 
pharmaceuticals 


*'^^Ontario 


Experimental  Plan  -  Summary  of  Analyses 

EDC  Class 

Model  Analytes 

Method  of 
Analysis 

In  Vitro  Test 

Estrogens: 

Hormone 

mimics 

EE2,  E2,  Estrone, 
Nonyl  phenol, 
Triclosan 

LC-MS/MS 

YES  assay 

PPAR-  active 
Compounds 

Acetominophen, 
gemfibrozil, 
ibuprofen,  naproxen 

LC-MS/MS 

PPAR  receptor 
gene  assay 

Thyroid  active 
Compounds 

PBDEs,  PCBs 
Phenolics:  OH- 
PBDEs,  OH-PCBs, 
triclosan 

GC-MS-ECNI 
LC-MS/MS 

Human  TTR 
competitive 
binding  assay 

;  Ontario 


Estrogens 


£;  1.2 


I  Estrone 
I  Estradiol 


i 


Full  Nitrifying  Non  Nitrifying    Denitrifying    Tertiary  (pre) 


Tertiary 
(post) 


EE2  was  not  detected  in  any  effluent  samples 

Results  do  not  reflect  removal  efficiencies  of  different  treatment  types 


t'^^Ontario 
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Nonyl  Phenol 


Full  Non  Denitrifying      Tertiary  (pre)     Tertiary  (post) 

Results  do  not  reflect  removal  efficiencies  of  different  treatment  types 


Yeast  Estrogenic  (YES)  Assay 


Estrogen  Equivalents  (EEQ) 


I 


Fully 


Non 


Denitrifying      Tertiary  Tertiary 
(pre)  (post) 
Results  do  not  reflect  removal  efficiencies  of  different  treatment  types 
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Correlation  between  PBDEs  and 
Thyroid  Binding  Activity 

Multiple  regression  analysis  of  data  on  the  response  in  tlie  hTTR  binding  assay 
and  levels  of  chlorinated  and  brominated  phenollcs  (acidic/phenolic  fraction) 


Radioactivity 

1 

PCP 

■0.355 

<0.0001 

Triclosan 

0.365 

<0.0001 

4'-OH-BDE17 

milium  "-^^^ 

<0.0002 

6-OH-BDE47 

-0.136 

<0.001 

3-OH-BDE47 

-0.136 

<0.001 

5-OH-BDE47 

-0.104 

<0.001 

TBBPA 

0.0001 

<0.001 

Pharmaceuticals 


J  ^^^^ 


3  Tmtlary  (pre  disinfection)  ■  Tertiary  (post  dislnfec 


*Results  do  not  reflect  removal 
efficiencies  of  different  treatment  types 
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PPAR  and  Pharmaceutical  data  and 
correlation  in  progress 


Hormones  and  YES  Assay 

1  &  2)  The  YES  assay  was  a  reliable  method  to  assess 
estrogenic  activity  in  effluent 

3)  There  was  a  direct  correlation  between  measured  estrogenic 
activity  and  the  levels  of  estrone  in  effluent  samples 

-  Estrogenic  activity  was  only  detected  in  those  effluents  that  had 
detectable  levels  of  estrone:  fully  nitrifying  and    tertiary  (pre 
disinfection)  effluents. 

4)  Difficult  to  assess  if  any  one  effluent  induced  elevated 
endocrine  activity  in  the  absence  of  influent  analysis. 

-  EE2  was  not  detected  in  any  effluents. 

-  NP  was  detected  at  ng/L  concentration  levels  in  all  effluents.  The 
highest  concentrations  were  in  non-nitrifying  and  fully  nitrifying  plants. 


Brominated  and  Chlorinated  Compounds  Thyroid 
Receptor 

1  &  2)  The  hTTR  assay  was  a  reliable  method  to  assess  thyroid 
receptor  binding  in  effluent 

3)  There  was  a  significant  correlation  between  measured  thyroid 
receptor  binding  and  the  levels  of  BDEs,  PCP  and  triclosan  in 
effluent  samples 

-  Samples  were  dominated  with  BDE  47  and  4'OH  BDE  47. 

-  Pentachlorophenol  (PCP)  and  triclosan  detected  in  all  samples. 

-  TBBPA  was  not  detected  in  any  samples. 

-  No  detectable  levels  of  the  30  OH-PCBs  analyzed. 


4)  Difficult  to  assess  if  any  one  effluent  had  higher  efficacy  in  the 
absence  of  influent  analysis.  ^^^^^^^^ 
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Conclusions 

•  Trace  levels  (ppt)  of  EDCs  can  be  detected  in  effluents 
from  Ontario  STPs.  (ppb  for  nonyl  phenol  &  ppt  for 
estrogens,  BFRs,  pharmaceuticals,  PCP  &  Triclosan) 

•  Our  preliminary  results  indicate  that  in  vitro  assays  could 
be  used  as  a  screening  tool  to  monitor  for  the  presence  of 
Endocrine  Disruption  Activity  in  environmental  samples  due 
to  EDCs  in  effluent. 

•  Difficult  to  assess  If  any  one  effluent  Induced  elevated 
endocrine  activity  in  the  absence  of  influent  analysis. 


Next  Steps 

•  Complete  in  vitro  assay  for  PPAR  activity 

•  Determine  whether  additional  studies  are  w/arranted  to  assess 
removal  efficiencies  of  particular  parameters  in  different  types  of 
effluents 

•  Disseminate  information  to  aid  in  the  development  of  priorities 
under  the  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  and  the  Canada-Wide  Strategy  for  the  Management  of 
H/lunicipal  Wastewater  Effluent 


•  Evaluate  the  potential  usefulness  of  in  vitro  assay  testing  in 
further  developing  Provincial  Water  Quality  Objectives  (PWQOs) 
and  ecological  risk  assessment 


Ontario 
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Dr.  Kent  Novakowski 


Presenter  Biography 

Dr.  Kent  Novakowski  (PhD,  Waterloo)  is  a  Professor  in  the  Department  of  Civil 
Engineering  at  Queen's  University  in  Kingston,  Ontario.  Dr.  Novakowski  has  more  than 
20  years  experience  in  the  characterisation  and  modelling  of  groundwater  flow  and 
contaminant  transport  in  both  crystalline  and  sedimentary  fractured  rock.  He  is 
presently  conducting  studies  in  the  Tay  River  Watershed  on  agricultural  contamination 
in  bedrock  aquifers,  and  on  groundwater  recharge  and  discharge  in  these  settings.  He  is 
also  conducting  a  study  of  enhanced  bioremediation  at  contaminated  sites  located  in 
Kingston  and  Guelph. 

Abstract 

Just  Hov/  Safe  are  Private  Water  Wells  Completed  in  Fractured  Bedrock 
Aquifers? 

Fractured  bedrock  aquifers  are  valuable  sources  of  potable  water  in  many  parts  of 
Ontario.  These  aquifers  are  sensitive,  however,  to  contamination  from  anthropogenic 
activity  in  settings  with  little  overburden  protection.  To  explore  the  degree  of  risk 
particularly  to  domestic  wells  in  rural  environs,  two  studies  have  been  undertaken  in  the 
gneissic  and  sedimentary  rock  terrain  of  eastern  Ontario.  One  study  is  focused  on  the 
impact  of  agricultural  activity  on  water  quality  in  bedrock  aquifers  and  the  other  is 
focused  on  the  impact  of  septic  systems  on  domestic  bedrock  wells  in  a  village 
environment.  In  each  case,  several  multi-level  monitoring  wells  were  installed, 
characterized  and  frequently  sampled  for  nitrates  and  pathogen  indicators  such  as 
coliform  bacteria  and  £.  Coli.  Results  show  that  agricultural  activity  can  indeed  pose  a 
risk  to  water  supply  wells,  but  in  a  very  heterogeneous  and  complex  fashion.  Non- 
compliance for  both  nitrate  and  bacteria  was  detected  in  several  monitoring  wells  at  a 
variety  of  depths  and  on  a  seasonal  basis.  Bacterial  presence  was  particularly  variable  in 
time  and  space.  The  level  of  contamination  was  attributed  to  seasonal  pasturing  of  cattle 
in  afield  adjacent  to  the  study  site.  The  level  of  contamination  in  the  village  environment 
was  found  to  be  equally  as  seasonal  and  temporally  variable.  Nitrate  contamination  was 
present  but  did  not  exceed  drinking  water  guidelines.  Bacteria,  however,  was  very 
seasonally  dependent  with  little  observed  presence  in  winter  months  and  abundant 
presence  in  summer  and  fall.  The  source  of  the  bacteria  was  located  in  an  area  where 
the  overburden  material  thins  significantly  exposing  the  aquifer  to  septic  effluent  from  a 
large  field.  These  results  indicate  that  significant  care  must  be  undertaken  when  siting 
private  wells  in  these  settings.  The  meaning  of  testing  results,  particularly  for  bacteria,  is 
also  questioned  as  on  any  given  day  a  contaminated  or  non-contaminated  result  may  be 
obtained. 

Kent  Novakowski,  Dept  of  Civil  Engineering,  Queen's  University, 
Kingston,  Ontario  K7L  3N6 


Water  Standards  Technology  Transfer  Forum  -  April  10,  2008 


12 


Just  How  Safe  are  Private 
Water  Wells  Completed  in 
Fractured  Bedrock  Aquifers? 

Kent  Novakowski,  Jana  Levison,  John 
Kozuskanich  and  Bruce  Anderson 
Dept.  of  Civil  Engineering 
Queen's  University,  Kingston,  Ontario 


Motivation 


Widely  recognized  that  fractured  bedrock 
aquifers  having  minimal  overburden  cover 
may  be  susceptible  to  contamination. 
Most  obvious  sources  of  potential 
contamination  in  a  rural  setting  are 
agricultural  activities  and  septic  systems. 
Although  there  are  a  few  surveys  which 
have  shown  impacts  on  private  wells,  no 
systematic  studies  have  been  undertaken. 


'"^^^   Project  Objectives 

^  investigate  the  potential  impact  of  local 
agricultural  activities  on  groundwater 
quality  in  a  bedrock  aquifer. 

^  Determine  the  level  of  risk  posed  by  septic 
systems  in  areas  with  bedrock  wells  in 
close  proximity  (i.e.  a  village  setting). 


Agricultural  Site  -  Hay  Field 

Adjacent  to  the  Tay  River 
Pnmarily  gneissic  fractured  bedrock  overlain 
by  a  thin  veneer  of  unconsolidated  glacial 
material  (0  to  2  m  thick  in  most  locations) 
Shallow  water  table  (0.5  to  4.5  m  deep) 


Site  Layout 


10  multi-level 
monitoring  wells 

•  Dnilod  2004-2006 

•  31  m  to  55  m  deep 
.  25  total  levels 

■  2-3  levels  m  eacfi  well 

Site  characterization 

.   Pumping  teste 

•  Openhote 
.  Slug  tests 

•  1  77  m  packer  Tnterval 

■  Bofet>ole  videotaping 

Local  flow  direction 

■  East 
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Water  Quality: 


Hydraulic  Characterization 
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Conclusions 

-Wow,  lots  of  risk  in  both  settings 
-Transport  from  outside  of  study 

area  in  both  cases. 
-Public  health  risk  increases 

during  the  summer  months  and 
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Dr.  Albert  Simhon 

Presenter  Biography 

Dr.  Simhon  is  senior  adviser,  microbiology,  at  the  Water  Standards  Section,  Standards 
Development  Branch,  Ministry  of  the  Environment.  His  M.Sc.and  Ph.D.  degrees  are 
from  the  University  of  London  in  the  United  Kingdom.  He  is  a  fellow  of  the  Canadian 
College  of  Microbiologists,  and  is  board-certified  in  infection  control  and  epidemiology. 
Previously  he  has  worked  in  healthcare  and  academic  institutions. 


Abstract 


Quantitative  Microbial  risk  assessment  (QMRA)  is  a  tool  that  estimates  the  probability 
of  adverse  health  effects  occurring  following  exposure  to  microbial  contaminants. 
When  applied  to  drinking  water,  QMRA  can  estimate  the  risk  of  gastrointestinal  illness 
following  ingestion  of  water-borne  pathogens.  The  QMRA  framework  for  drinking 
water  consists  of  the  following  stages:  I)  Hazard  identification,  including  quantification  of 
enteric  pathogens  in  source  water  and  treatment  impact  at  the  water  treatment  plant 
(WTP);  2)  Exposure  assessment,  i.e.  volume  of  water  consumed  and  resulting  number  of 
pathogens  ingested;  3)  Dose-response,  i.e.  probability  of  infection  and  probability  of 
illness;  4)  Risk  characterization  and  disease  burden.  Of  particular  interest  to  WTP 
operators  is  the  fact  that  QMRA  allows  to  perform  a  back-calculation  of  treatment 
impact  necessary  to  achieve  an  agreed,  tolerable  risk  level.  QMRA  is  a  useful  adjunct  to 
a  water  safety  plan. 
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Quantitative 
Microbial  Risk  Assessment  (QIVIRA): 
an  Adjunct  to 
Drinl<ing  Water  Safety 

Albert  Simhon 
Water  Standards  Section 
Standards  Development  Branch 
Ontario  Ministry  of  the  Environnnent 


What  is  QMRA? 

•  A  tool  that  estimates  the  probability  of  an 
adverse  health  effect  following  exposure  to 
a  pathogenic  microorganism 

•  An  iterative  science-based  process 

•  In  our  case,  exposure  occurs  through 
consumption  of  water 

•  QMRA  is  similar  to  chemical  risk 
assessment 


'^^Ontario 


Health  Canada's  QMRA  model 


w  RMfe  **mwi—  ii«M  VartMn  « 


— i 

1 

DW  application  of  QMRA  has  been  developed  by  Health  Canada  in 
partnership  with  the  provinces 

Provides  information  to  operators  about  appropriate  log  removal 


^'^Ontario 


What  can  QMRA  do? 

QMRA  can  estimate  health  risks  from  drinking  water 
QMRA  can  complement  epidemiological  studies,  which  are: 

-  Difficult  to  conduct 

-  Less  sensitive 

But,  QMRA  will  be  as  good  as  the  data  available  and  the 
assumptions  made 
Assessments  can  be  based  on: 

-  Point  estimates  (result=risk) 

-  Monte  Cario  simulations  -  Thousands  of  calculations  from 
frequency  distribution  functions  (result=probability  of  finding  a 
specified  risk) 

•  Scenario  analysis 

•  Sensitivity  testing 


Why  do  we  need 

microbial  risk  assessments? 

•  Epidemiological 

surveillance  is  not 

sufficiently  sensitive 

-  Natural  reluctance  to  seek 

medical  attention  for  Gl 

illness 

-  Emergency  room  visits 

-  Lab  reports 

•  Analysis  of  critical  control 

points  at  treatment  plants 

may  be  delayed 

fJ>Ontano 

Why  do  we  need 
risk  assessments?  (2) 


Epidemiological 
surveillance  is  not 
sufficiently  sensitive 

-  Natural  reluctance  to 
seek  medical  attention 
for  Gl  illness 

-  Emergency  room  visits 

-  Lab  reports 
Analysis  of  critical  control 
points  at  treatment  plants 
may  be  delayed 


Syndromic  surveillance 
-  The  first  indication  that  Milwaukee 
was  expenencing  a  massive 
outbreak  in  1993  was  that  over- 
the-counter  drugs  for  diarrhoea 
had  sold  out 
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Cryptosporidium  conceptual  model 


ENVIRONMENTAL  FACTORS 


Point  and  non-poin 
Livestock  run-off 
Wastewater  treatment  plants 
Wildlife 

Domestic  animals 


Excretion  of  oocysts 


Illness  based  on  host 
susceptibility  and 
pathogen  virulence 


HUMAN  HEALTH 
RESPONSE 


Modified  from  Soiier  Environmental 


Oocyst  survival  and  die-off 


tngestion  througfi  recreational 
and  other  activities 
(infrequent) 


Surface  water  pumped  by  WTP 


QMRA  framework 

Data  comes  from  the  following  evaluations 

-  Hazard  identification  (HI) 

-  Exposure  assessment  (EA) 

-  Dose-response  analysis  (DR) 

-  Risk  characterisation  (RC) 


Source  water 


Treatment  impact 


Water  consumption  and 
pathogens  ingested 


Dose-response 


Risl<  of  infection 
&  disease  burden 


QMRA  for  drinking  water 


HI 


EA 


DR 


RC 


Perform  a  back 
calculation  to  determine 
wtiat  treatment 
technologies  must  be  in 
place  to  bring  down 
disease  burden  to  a 
tolerable  level 
WTP-specifIc 

-  Actual  performance 

-  Optimization/alternate 
techs 


(Disease  burden  =  r\sk  x  severity  weight) 


Dose-response  analysis  (DR) 

Use  dose-response  models  to  estimate 
probability  of  infection  (volunteer  studies) 

llluMfadan  oTIInfc  b*tW**n  dosv^aspons*  functiort  and  dos«  and  r«sponi«  infortnation 


Response 


the  dose-response  function  links  the 
INPUT  tdoie>  to  Ihe  OUTPUT  (fespow*) 


Exponential  dose-response  function 


Microorganisms 
are  distributed 
randomly  in  water 
At  least  one 
pattiogen  must 
survive  inside  host 
Probability  of 
infection  per 
ingested  or 
inhaled  organism 
is  the  same 


Examples: 

Giardia,  Crypto,  Cox  A,  Adeno,  Echo  12 


J/J 

«        <•        It        l«        U        t«       «•       M  U 

Presponse  =  1  -  e'"^'^* 

„™„m™,  t'^Ontario 


Risk  of  illness 

Pinf  =  1  -  e(-D^) 
Risk  =  Pinf  x  S  x  I 

-  Pinf:  probability  of  infection  (from  exponential 
model,  etc) 

-  S:  proportion  of  population  susceptible  to 
infection 

- 1:  proportion  of  individuals  who  develop  illness 
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Monte  Carlo  simulations 
or  point  estimates  of  risk 


43 


4^ 


ReducticHi  tlxmng 


Risk  ofia£ectiou 


Example  1:  Cryptosporidium,  Grand  River 
C-EnterNet  study,  Waterloo 


Example  2:  National  Agri-Environmental 

Standards  Initiative,  NAESI,  2006 

•—■■■iHmL.  ..—  Mf4»  Chut  J>«  aBUkt 

loono 

eCoH  v*F9U(  Crypto 
Crypto*  pofidasn  Oocysts  (log  sc3l»| 

South  Nalions 
823 

WOOD 

taxi 

33 
27,1 
22.1 
15.3 
14.6 
12,1 

10 

105 

1 

10 

9.3 

tP  Ontario 


Back-calculation  of 
recommended  log  reduction 


RECOMMENDED  LOG  REDUCTION 


Oocysts 

WHO 

US  EPA 

per  100  L 

10E-6DALY 

-  10E-7  DALY 

Grand  River 

Mean 

36 

3.4 

4.3 

Max  monthly  average 

83.2 

3.8 

4.7 

Upper  range 

390 

4.4 

5.4 

South  Nations  River 

Mean 

96.3 

3.8 

4.8 

Max 

823 

4.7 

5.7 

Performance  targets  for  selected  pathogens 

in  relation  to  raw  water  quality 
(to  achieve  10-^  DALY  per  person  per  year) 


f,  p  I  itiim  I  iimi|  t  niiwj  I  ^iitn^  t  tfjttf^.  XM*i<* 
*«0I  Wt  Oil  t  »•  NO  H 

Guidelines  for  OW  quality.  WHO,  2004 


^^^Ontario 


Hypothetical  example: 
Treatment  impact 

(unrelated  to  your  C  of  A  credits) 

Example:  Crypto  removal  using 

coag/sed  ->  filtration  ->  chlorine  ->UV 

=     1.0  +  2.5  +  0  +  3.0 

=    6.5  -log  removal  of  Crypto  from  source  water 
Using  the  overall  treatment  reduction,  the  pathogen 
concentration  remaining  in  the  treated  water  can  be 
calculated  by: 

[Conc.pathogens]ireaied  =  [Conc.pathogens]sourcB  x  i o-i"^ 
=  50  occysts/IOOL  in  source  water 
=  50  X  10-65=  1.6  X  10-5 /100L 


■nl 
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Managing  risk 


Source  water  s         Rcductiou  duriitg        s  Exposure 

[tCHtlllfllt 

What  are  the  critical  limits  affecting 
dose  response? 


^^Ontario 


Conclusions 

QMRA  is  a  useful  adjunct  to  a  water  safety 
plan 

QMRA  also  complements  a  critical  control 
point  analysis  (HACCP)  approach 

QMRA  brings  together  a  safety  plan  that  is 
based  on  health  based  targets 
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Presenter  Biography 

Process  Engineer  at  Environment  Canada  at  the  Canada  Centre  for  Inland  Waters  in  Burlington, 
with  a  research  focus  on  the  occurrence  and  fate  of  compounds  of  emerging  concern  in 
municipal  wastewater.  For  the  last  6  years  she  has  coordinated  sample  collection  and  chemical 
analysis  at  more  than  30  Ontario  wastewater  treatment  plants,  conducting  surveys  for  a  wide 
variety  of  pharmaceuticals  and  personal  care  products.  She  co-organized  a  national  workshop 
on  Pharmaceuticals  and  Personal  Care  Products  in  the  Canadian  Environment  in  March  2007. 
Shirley  Anne  received  her  B.  Sc.  in  Applied  Chemistry  from  the  University  of  Guelph  and  her 
M.  Eng.  in  Environmental  Engineering  from  McMaster  University. 

Abstract 

Contaminants  of  Emerging  Concern  (CECs)  in  Municipal  Biosolids 

SA  Smyth,  ML  Svoboda,  H-B  Lee,  P  Seto,  Environment  Canada;  S  Kleywegt,  C  Flemming, 
Ontario  Ministry  of  Environment;  M  Payne,  Ontario  Ministry  of  Agriculture,  Food  and  Rural 
Affairs;  C  Metcalfe,  Trent  University;  E  Topp,  Agriculture  and  Agri-Food  Canada 

With  continuing  improvements  in  the  sensitivity  of  analytical  chemistry  technology,  the 
numbers  of  trace  contaminants  detected  in  the  environment  continue  to  grow,  while  the  limits 
of  detection  continue  to  decrease.  Many  contaminants  of  emerging  concern  (CECs)  including 
pharmaceutically  active  compounds,  personal  care  product  components,  natural  and  synthetic 
estrogens,  flame  retardants,  antimicrobial  additives,  even  sucralose,  enter  the  environment 
from  discharges  of  treated  municipal  wastewater  and  biosolids.  These  types  of  compounds 
enter  wastewater  after  being  used  by  consumers  and  some  are  removed  from  the  water  during 
the  wastewater  treatment  process.  Partitioning  to  solids  is  an  important  removal  mechanism 
for  some  CECs,  thereby  moving  the  "problem"  from  the  liquid  phase  to  the  solid  phase. 
Recent  research  has  indicated  that  sludge  digestion  and  biosolids  dewatering  processes  may 
have  an  impact  on  CEC  concentrations.  Collaborative  EC/MOE  research  is  underway  to 
determine  the  occurrence  and  fate  of  CECs  through  the  stages  of  municipal  wastewater  solids 
treatment  train. 

Part  I:         Fate  of  synthetic  musks  during  aerobic  and  anaerobic  sludge  digestion 

Synthetic  musk  fragrance  compounds  are  present  in  many  personal  care  and  household  cleaning 
products.  Musks  are  persistent  and  bioaccumulative  in  the  environment,  and  tend  to  partition 
to  solids  during  wastewater  treatment.  A  preliminary  investigation  of  musk  concentrations  in 
raw  sludge  and  digested  biosolids  from  two  aerobic  and  three  anaerobic  digestion  processes 
found  concentrations  up  to  68,000  ng/g  (ppm).  During  aerobic  digestion  musk  concentrations 
decreased  proportionally  to  solids  destruction,  indicating  the  occurrence  of  degradation. 
However  during  anaerobic  digestion  musk  concentrations  increased  proportionally  to  solids 
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destruction,  indicating  lower  or  no  degradation.  These  results  indicate  that  CEC 
concentrations  may  be  altered  due  to  digestion  conditions. 

Part  2:         Fate  of  CECs  and  pathogens  during  sludge  digestion  and  dewatering 

Previous  EC/MOE  research  has  indicated  that  the  method  of  sludge  digestion  influences  the 
concentrations  of  synthetic  musk  fragrances  in  biosolids,  and  recent  AAFC  studies  observed 
that  dewatered  biosolids  exhibited  different  dissipation  characteristics  after  land  application 
compared  to  liquid  biosolids.  Based  on  this  information,  a  study  has  been  initiated  to  determine 
the  fate  of  several  groups  of  CECs  and  selected  pathogens  through  typical  Ontario  sludge 
digestion  and  dewatering  processes.  The  compounds  to  be  investigated  include  selected  flame 
retardants,  pharmaceuticals,  musk  fragrances,  and  antimicrobials.  Removal  of  CECs  under 
aerobic  digestion  conditions  will  be  compared  at  warm  and  cold  temperatures,  and  compared 
to  anaerobic  digestion.  Centrifuge  and  filter  press  sludge  dewatering  technologies  will  also  be 
compared.  A  companion  study  by  AAFC  will  investigate  dissipation  characteristics. 

Part  3:         Fate  of  CECs  and  pathogens  during  sludge  storage  and  further 
treatment 

Ontario  Nutrient  Management  Specialists  have  observed  changes  in  the  characteristics  of 
biosolids  as  a  result  of  winter  storage.  Since  storage  is  a  necessary  part  of  biosolids 
management  in  Ontario  there  is  a  need  to  investigate  the  fate  of  CECs  under  different  storage 
conditions.  Some  Ontario  municipalities  have  also  implemented  further  treatment  of  biosolids 
to  create  a  higher  quality  fertilizer  product.  The  objective  of  this  study  is  to  determine  the  fate 
of  several  groups  of  CECs  and  selected  pathogens  during  biosolids  storage,  and  through  three 
"further  treatment"  technologies:  Lystek,  N-viro,  and  pelletization. 

The  results  from  these  studies  will  serve  to  provide  a  comprehensive  picture  of  the  fate  of 
CECs  through  typical  municipal  wastewater  solids  treatment  processes. 
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Contaminants  of  Emerging  Concern  in 
Municipal  Biosolids 


SA  Smyth,  ML  Svoboda,  H-B  Lee,  P  Seto,  Water 
Science  and  Technology  Directorate,  Environment 
Canada 

S  Kleywegt,  E  Reiner,  C  Flemming,  Standards 
Development  Branch,  Ontario  Ministry  of  Environment 
M  Payne,  Ontario  Ministry  of  Agriculture,  Food,  and 
Rural  Affairs 

C  Metcalfe,  Trent  University 

E  Topp,  Agriculture  and  Agri-Food  Canada 

DRAFT  -  Pago  2  -  Apr U  4 . 2(raa 


Presentation  Outline 

•  What  are  CECs? 

•  CECs  in  the  environment 

•  Why  do  we  care? 

•  CECs  in  wastewater  and  sludge 

•  Our  studies  and  results 

•  What  next? 


DRAFT  -  Page  3  -  April  4.  2008 


Contaminants  of  Emerging  Concern 


•  Pharmaceuticals 

•  Estrogens 

•  Musk  fragrances 

•  UV  filters 

•  DEET 

•  Antimicrobials 

•  Flame  retardants 

•  Sucralose 


DRAFT  -  Page  -Ap( 


CECs  in  tlie  Environment 


Biota 

Sediments 
Surface  water 
Human  tissue 
Human  milk 


DRAFT  -  Page  5  -  April  t 


CEPA1999,  COA  2007 


Canadian  Environmental  Protection  Act  1999 

Canada-Ontario  Agreement  Respecting 
the  Great  Lakes  Basin  Ecosystem  2007 

Virtual  elimination  of  compounds  that  are: 

>  Persistent 

>Bioaccumulative 

>Toxic 

> Primarily  the  result  of  human  activities 


0RAFT-Page6-Apnl4  200S 
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Fate  of  Musks  during  Sludge  Digestion 


Wastewater  and  Sludge  Treatment 

Process 

Primary 

Aeration 

Secondary 

Disinfection 

Clarifier 

Basin 

Clarifier 

•f" 

1 

Bio-Gas 

Digester 

Dewater 

DRAFT  -  Page  7  -  April  4,  2008 

CECs  in  Biosolids 

•  Hydrophobic 

•  Partition  to  solids 

•  Persist  through 

sludge  treatment? 

•  Applied  to  agricultural 

land 

DRAFT -Page 

B-AfiiiA.  2006 

Fate  of  Musks  during  Aerobic  and 
Anaerobic  Digestion 

•  Grand  River  wastewater  treatment  plants 

•  Oxidation  ditch  -  aerobic 

•  Extended  aeration  -  aerobic 

•  Conventional  activated  sludge  -  anaerobic  (3) 

•  Presented  at  IWA  Biosolids  Conference, 
iVIoncton  NB,  June  2007 


DRAFT  -  Page  9  -  AprU  4. 2008 


Musk  Reduction  correlated  to 

Volatile  Solids  Reduction 

Sludge  Digestion  (%) 

.  '  -     ■  ^' 

: 

deduction  during : 

■^^-^ 

i 

— Polycyclic,  aerobic  *  VS  recJjclioft,  aerobic 

1  -100- 

— ■—  Niiro,  aorobic  '  VS  roOucl.on.  ao'ob.c 

— • —  Polycyclic,  anaotobic  "  VS  roOuclion,  anaorob.c 

—A  -  Niiro,  anaerobic  ■  VS  reduclion,  anaerobic 

■60           -40           -20             0             20            40  60 
Volatile  Solids  Reduction  during  Sludge  Digestion  (%) 

DRAFT  -  Page  10  -  April  4,  2008 

Musk  Concentrations  In  Sludge  and 
Biosolids 

•  Musks  measured  per  mass  dry  solids 

•  Both  polycyclic  and  nitro  musks  are  "removed"  in 
aerobic  digestion 

•  Polycyclic  musks  accumulate  during  anaerobic 
digestion 

•  Nitro  musks  may  be  "removed"  during  anaerobic 
digestion 


Sludge  Digestion  and  Dewatering 
Processes 


•  Aerobic  warm/cold 

•  Anaerobic 

•  Centrifuge 

•  Filter  press 

•  Feb  to  Aug  2008 


Smyth  et  al,  2007 
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Fate  of  Musks  during  Sludge  Digestion 


Fate  of  CECs  during  Digestion  and 
Dewatering 


Flame  retardants 
Pharmaceuticals 
Musk  fragrances 
Antimicrobials 
Pathogens 


DRAFT  - Page13-April4.  2008 


Sludge  Storage  and  Furtlier  Treatment 


Liquid  storage 
Dewatered  storage 
Geotubes 

Lystek 
N-viro 

Pelletization 


Funding  being  negotiated 


DRAFT-Page  Id-ApriU,  2X3 


Fate  of  CECs  during  Sludge  Storage  and 
Further  Treatment 


Flame  retardants 
Pharmaceuticals 
Musk  fragrances 
Antimicrobials 
Nonylphenol  ethoxylates 
Bisphenol  A 
Pathogens 


III 


Study  Goals 


Occurrence  and  fate  of  emerging  contaminants  during 
municipal  wastewater  treatment 
Removal  capabilities  of  conventional  and  innovative 
wastewater  treatment  technologies 


Future  Needs 

•  Environmental  effects  research 

•  Risk  assessments 

•  More  affordable  analytical  methods 

•  Source  control? 

•  Discharge  limits? 
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VINCE  PILEGGI 


Presenter  Biography 

Vince  Pileggi  is  a  senior  wastewater  engineering  advisor  with  Standards  Development  Branch  of 
the  Ministry.  Vince  has  been  with  the  Ministry  for  over  18  years  and  worl<ed  as  a  Review 
Engineer  at  Approvals  Branch  prior  to  joining  SDB  in  2002  His  recent  work  focuses  on  sewage 
treatment  optimization  and  the  development  of  guidelines  for  the  design  of  sewage  treatment 
plants  in  Ontario.  He  routinely  collaborates  with  Environment  Canada,  Ontario  universities, 
municipalities  and  consultants  on  research  projects. 

Abstract 

A  Survey  of  Ontario  Sewage  Treatment  Plant  and  Landfill  Leachate  Discharges  in 
the  Great  Lakes  Basin 

From  2004  to  2005,  the  Ontario  Ministry  of  the  Environment  (MOE)  carried  out  a  survey  of 
selected  municipal  sewage  treatment  plants  (STPs)  and  landfill  sites.  The  objectives  of  the 
survey  were  to:  I)  characterize  the  influent,  effluent  and  sludge  over  four  sampling  seasons;  2) 
compare  the  results  to  the  ministry's  previous  survey  in  1987;  3)  compare  discharges  of  plants 
receiving  leachate  to  those  not  receiving  leachate;  and  4)  identify  substances  in  the  effluents  that 
warrant  assessment  for  risks  to  human  or  environmental  health.  STP  influents  generally 
reflected  the  characteristics  of  the  sewershed.  All  treatments  surveyed  efficiently  reduced  the 
concentrations  of  conventional  parameters  (CBOD5,  COD,  TSS,  TP  and  TAN)  consistent  with 
the  level  of  treatment  provided.  In  contrast,  reduction  of  non-conventional  substances  in  the 
effluent  were  generally  compound  specific  and  not  treatment  dependant.  Partitioning  to  sludge 
appeared  to  be  an  important  process  for  many  contaminants.  Compared  to  the  1987  survey, 
loadings  of  mercury  and  nickel  were  reduced  but  strontium  and  aluminum  were  increased. 
Municipal  landfill  leachates  were  found  to  contain  a  large  number  of  the  same  complex 
chemicals  found  in  typical  STP  influents  but  generally  higher  in  concentration.  However  leachate 
did  not  significantly  influence  the  effluent  or  sludge  concentrations  except  for  magnesium  and 
strontium  in  the  effluent  and  strontium  in  the  sludge.  Based  on  a  screening-level  comparison  to 
ecological  and  human  health  benchmarks,  1 3  compounds  were  flagged  as  warranting  further 
investigation. 

Vince  Pileggi'  and  Hendrik  Rosenthal 

'Ontario  Ministry  of  the  Environment,  Standards  Development  Branch,  T'"  Fl,  40  St.  Clair  Ave 
West  Toronto,  ON  M4V  1 M2 

^Ontario  Ministry  of  the  Environment,  Land  and  Water  Policy  Branch,  5""  Fl,  135  St.  Clair  Ave 
West,  Toronto,  Ontario  M4V  1 P5 
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Ontario  STP  t;hineiiriiaiidii  Sumy 
Some  Results  &  Implicitiens 

Vince  Pileggi  (MOE,  SDB) 
Hendrik  Rosenthal  (MOE,  LWPB) 

/4pril  10'*,  2008 


Ontario 


Presentation  Outline 


•  STP  Survey  Description 

•  General  Observations 

•  Concentrations  and  Expected 
Removals 

•  Example:  Removal  Technologies  and 
Costs 

•  Research  Needs 

•  Summary  Points 


Regional  Distribution  - 
With  &  Without  Leachate 


Region 

Central 
Eastern 
Northern 
West  Central 
South  Western 


STPs 

7 

8 

5 
13 
13 


Total  46 
STP  Type  /  Size 


M^.-aoB^ . .. 


Landfill  Sites 
6 
7 
3 

13 

7 


36 

Number  of 
STPs 


Receiving  Leachate  (WL) 

35 

Not  Receiving  Leachate  (NL) 

11 

Large  (>  lOML/d) 

33 

Small  (<10ML/d) 

13 

2«  STP  Flow  Distribution 


SI    S2    S3    S4    S5    S6    S7    S8    S9   S10  S11  S12  S13  S14  S15  S16  817  818  819 
Secondary  STPs 


2«-N  STP  Flow  Distribution 


2  10 


cS'"'  c:^  c:^  cS'*'  c^""  c:^  X-  o>    .n'"    ,•*>  ,n*> 

Secondary  Nitrifying  STPs 


Sampling  Program  Details^ 

Sampling 
Locations^'^ 

per  Season    per  Year 
per  STP      per  STP 

■  Total 
Sampling 
Events 

Influent 

3  12 

552 

Effluent 

3  12 

576 

Sludge" 

1  4 

192 

1.  Sampling  period  covered  4  seasons:  Fall  2004  -  Summer  2005 

2.  Influent  and  effluent  samples  were  24-hour  composites. 

3.  Sludge  samples  were  grab  samples 

4.  Sludge  samples  were  raw  and  untreated   

p!s^^  

^^^^^^ 
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Range  of  MDLs  in  Aqueous  and  Solid  Phase  for 
13  Chemical  Groups,  217  Compounds  Sampled 

COMPOUND  GROUPS 

AQUEOUS  PHASE 

SOLID  PHASE^ 

MDL 

UMITS 

MDL 

UNITS* 

1.  ConveDtionals 

0.02  -10 

mg/L 

0.05-10 

mg/L 

2.  Metals 

0.002  -  O.OS 

mg/L 

0.05  - 1 

mg/L 

3.  Phenollcs 

0.2  -  20 

N/S 

4.  Base  Neutral  Extractables 

0.2-2 

N/S 

5.  Polycyclic  aromatic  hydrocarbODS  (PAHs) 

0.2  -0.5 

MS/L 

2 

ng/gdry 

6.  Cblorobenzenes 

1-10 

ng/L 

1-2 

ng/gdry 

7.  OrgaDochloiines 

1-500 

ng/L 

1-5 

ng/gdry 

8.  Organic  Halides 

Mgrt- 

N/S 

9.  HaiogeDated  voiatiles 

0.2  -  0.5 

Mg«- 

50 

Mg/kgdry 

10.  Non-baiogenated  votatiies 

0.2 

50 

Mg/llgdry 

11.  Dioxlns  and  Furans 

1 

Pg/L 

1 

pg/gdry 

12.  Brominated  Dlpiienyl  Ethers 

ng/L 

1 

ng/gdry 

II  13.  Nonyiphenols 

10 

ng/L 

N/S 

Group  1-4 
Compounds  Sampled 


CONVENTIONALS 

(amnion  ia+amnK>nium)-N 

(nitrate+nitrite)-N 
Nitrogen;  nitrite 
total  kjeldahr-N 
COO 
CBODj 

Phosphoms;  phosphate 
Phosphorus;  total 
Solids;  suspended 
Solids;  suspended,  ash 
Solids;  suspended,  LOI 


METALS 
Beryllium 
Cadmium 
Cobalt 
Silver 
Vanadium 
Magnesium 
Calcium 
Mercury 
Aluminum 
Barium 
Chromium 
Copper 
Iron 
Lead 

Manganese 

Molybdenum 

Nickel 

Strontium 

Titanium 

Zinc 


PHENOLICS  &  NONYLPHENOLS 

2,3,4,5-tetrachlorophenol 


2,4-<lichlorophenol 
Phenol 

2-chlorophenol 

m-cresol 

o-cresol 

p-cresol 

Nonyiphenols 


2,3,4,6 -tetrachloropheno! 
2,3,5,6-tetrachlorophenol 

2.3.4-  trichlorophenol 

2.3.5-  trichlorophenol 

2.4.5-  trichloropheno1 
2,4-dimethylphenol 

2.4.6-  trichlorophenol 
2,4-dinitrophenol 
2,6-dichlorophenol 
4,6-dinitro -o-cresol 
4-nitrophenol 
p-chloro<m-cre$ol 
Pentachlorophenol 


^^Ontario 


Group  5-6 
Compounds  Sampled 


BASE-NEUTRAL  EXTRACTABLES 


1  -meUiylnaphthalene 

2-methylnaphthalene 

Bis-2-«thylhexylphthalate 

Butylbenzylphthalate 

Camphene 

Di-n-butylphthalate 

Di-n-octylphthalate 

Diphenyl  ether 

Indole 


1-  chloronaphtha1ene 
2,4-dinitrotoluene 
2,6-dinitrotoluene 

2-  chloronaphthalane 
4-bromophenyl-phenyl  Ether 

4-  chlorDphenyl-phenyl  ether 

5-  nitroacenaphthene 
Biphenyl 

Bis(2-chloroethoxy)  methane 
Bis(2-chloroethyl)ether 
Bis  (2-chloroisop  ropy  l}ether 
Diphenylamine 
N-nitroso-di-n -propylamine 


PAHs 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h.i)perylene 

Benzo(k)fluoranthene 

Chrysene 

Di  benzo(a,  h)anth  racene 

Fluoranthene 

Fluorene 

lndeno(1,2,3-c,d)pyrene 

Peryiene 

Phenanthrene 

Benzo(a)anthrace  ne 

Naphthalene 

Pyrene 


Group  7-8 
Compounds  Sampled 


CLOROBENZENES 

IHexachlorocyclopentadiene 

1 .2.3.4-  tetrachlorobenzene 

1 .2.3.5-  tetrachlorobenzene 

1 .2.3-  trichlorobenzene 
1,2,4,5-tetrachlorobenzenB 

1.2.4-  trichlorobenzene 

1.3.5-  trichlorobenzene 

2.3.6-  trichlorotoluene 
2,4,5-trichlorotoluene 
2,6-dichlorobenzyl  chloride 
Hexachlorobenzene 
Hexachlorobutadiene 

He  xachloroe  thane 
Octachlorostyrene 
Pentachlorobenzene 


CHLORINATED  PESTICIDES 


a-Chlordane 

op-DD 

pp-DDT 

Dieldrin 

pp-ODE 

g-Chlordane 

pp-ODO 

Aldrin 

Endrin 

Heptachlor  epoxide 

Heptachlor 

Methoxychlor 

Toxaphene 

Trifluralin 

Pyrethrin  2 

PCB;  total 

PyreUirin  1 

Oxychlordan 

Piperonyl  butoxide 

Mirex 

Endosulphan  1 

a-BHC  (Hexachlorocyclohexane) 

Endosulphan  II 

b-BHC  (Hexachlorocyclohexane) 

Permethrin 

g-BHC  (Hexachlorocyclohexane) 

Endosulphan  sulphate 

<CV3S  . 


ProiUger  mttni  mnmtmemari.  ILdl  l\J 
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Group  9-11 
Compounds  Sampled  For 


ORGANIC  HAUDES  AND 
HALOGENATED  VOLATILES 


NON-HALOGENATED  VOLATILES 


Trans-1 ,3-dichloropropene 

Dibromochloromethane 

Cis-1,3-dichloropropene 

Chloroethene 

Chloroethane 

Organic  halides;  total 

1.1-  dichloroe  thane 

1 .2-  dichlorobenzene 
1 ,4^i(^lorob*nzon« 
Chloroform 
Chloromethane 

Ci8-1 ,2-dichloroethone 
Dichloromethane 
Tetrachloroethene 
Trichloroethene 


Tran5-1,2-dichloroethene 
ChlorobenzenE 
Carbon  tetrachloride 
Bromo  methane 
Bromoform 

Bromodichlorome  thane 
1 ,1 ,1 ,2-tetrachloroethane 

1 .1 .1-  trichloroethane 
1,1,2,2-tetrachloroeUiane 

1 .1 .2-  trichloroethane 

1.1-  dichloroethene 

1.2-  dibromoethane 
1,2-dichloroethane 

1 .2-  dichloropropane 

1 .3-  dichlorobenzene 
Tri  ch  I  o  rofl  u  o  romaUj 


Benzene 
Styrene 

1.2.3-  trimethylt)enzene 

1.2.4-  trimethylt)enzene 

1.2-  diethylbenzene 

1.3.5-  trimethyl  benzene 

1.3-  diethyl  benzene 

1.4-  diethylbenzene 

2-  ethyltoluene 

3-  ethyl  toluene 

4-  ethy  I  toluene 
Isopropyl  t>enzene 
Isopropyl  toluene 
Propylbenzene 
Ethylbenzene 

m-  and  p-xylene 
o-xylene 


Group  12-13 
Compounds  Sampled 


DIOXINS  AND  FURANS 

BROMINATED  DIPHENYL 
ETHERS 

1 234678-tieptachlorodioxin 

12347694ieptaclilarofuran 

BDE-183 

BDE-77 

1234678-tieptachlorofurBn 

1 234784iexachlorodioxin 

BDE-209 

BDE-119 

2378-tetrachlorofuran 

1 23478-bexachlorofuran 

Octachlorodioxin 

1 23678-hexachlorodioxin 

BDE-28 

BDE-100 

Octachlorofuran 

1 23G78-hexaclilorofuran 

BDE-47 

BDE-126 

TEQ  NATO  (ND-0) 

1 23789-bexachlorodioxin 

BDE-49 

BDE-13a 

TEQ  NATO(ND-I) 

12378g4iflxachlorofuran 

BDE-66 

BDE-153 

TEO  NAT0(ND-1/2) 

12378.pentaclilorodioxjn 

TEQ  WHO  (ND-0) 

1 2378-pentaclilorofuran 

BDE-71 

BDE-154 

TEQ  WHO  (ND-1) 

234678-tiexachlorofuran 

BDE-85 

BDE-17 

TEQ  WHO  (ND-1/2) 

23478-pentachlorafuran 
2378-tetrachlorodioxin 

BDE-99 

Ontario 
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Chemical  Groups  Detected  in  Sludge 


Removals  and  Partitioning  to  Sludge 


For  compounds  detected  more  than  50%  of  the  time.. 


Percent  Aqueous  Removals 
%  Removal  = 


-C  ^ 

^Injluenl  ^Effluent 


•100  < 


^Influent 

Partitioning  to  Sludge 

Co       r  1-  ^lOO  -High(H) 


1.  <  50% 

2.  50-80% 

3.  80-90% 

4.  90-95% 

5.  >  95% 


^  C 


2.  10-100- Medium  (M) 

3.  <10  -Low(L) 


Censored  Data  Analysis 


Percent  Left 
Censored 
(<MDL) 

Amount  of  Available  Data^ 
<  50  Data  Points        >  50  Data  Points 

1        0%  non-detects 

Arithmetic  Median 

Arithmetic  Median  , 

1       <  50%  non-detects' 

Kaplan-Meier  Median 

Kaplan-Meier  Median  , 

50  -  80%  non-detects' 

ROS  Median^ 

MLE  Median  ^ 

.  >  80%  non-detects 

95"'  Percentiles 

95**'  Percentiles 

100  %  non-detects 

MDL 

MDL 

1.  As  per  Helsel  (2006) 

2.  All  Kaplan-Meier,  MLE,  or  ROS  calculations  were  based  on  a  95%  confidence  level 

3.  MLE  refers  to  the  maximum  likelihood  estimation  and  ROS  refers  to  regression  on 
order  statistics 


Removals  by  Treatment  and  Compound 
Conventional  Compounds 


CONVEN- 
TIONAL 

COM- 
POUNDS 

AVERAGE 
PERCENT  AQUEOUS  REMOVAL 

S                  4                19               16  4 
PRIMARY       LAGOONS           2°              2°(N)            3"  (N) 
STPS                            STPS          STPS  STPS 

TAN 

<50% 

50-80% 

<50% 

>95% 

>95% 

COD 

50-80% 

50-80% 

80-90% 

80-90% 

80-90% 

CBOD5 

50-80% 

>95% 

>95% 

>95% 

>95% 

TP 

80-90% 

80-90% 

80-90% 

80-90% 

>95% 

ss 

50-80% 

80-90% 

80-90% 

>95% 

>95% 
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METALS 
(MOL  EXCEPT 
AS  IDENTmED) 


Magnesium 

Mercury  (pg/L) 

Aluminum 

Barium 

Copper 

Strontium 

Zinc 


Removal  &  Partitioning 
Metals 


AVERAGE 

PERCENT  AQUEOUS  REMOVAL  -  SLUDGE  PARTITIONING  INDICATORS 
(FOR  SLUDGE:  L  (<10X).  M  (10  TO  100XX  H  (>  lOOX)) 


5 
1° 

STPS 
■:50%  -  M 
50-80% 
<50%  -  H 
50-80%  -  H 
50-80%  -  H 
<50%  -  M 
50-80%  -  H 


4  LACX>ONS 

<50%  -  L 
<50% 

<50%  -  H 

<50%  -  L 
50-80%  -  IM 

<50%  -  L 
50-80%  -  M 


19 
2° 
STPS 

16 

2'CN) 
STPS 

4 

3"(N) 
STPS 

<50%  - 

L 

<50%  -  L 

<50%  -  L 

<50% 

50-80% 

50-80% 

50-80% 

H 

80-90%  -  H 

80-90%  -  H 

50-80% 

H 

50-80%  -  H 

50-80%  -  IVI 

80-90% 

H 

50-80%  -  H 

80-90%  -  H 

<50%  - 

L 

<50%  -  L 

<50%  -  L 

50-80% 

H 

50-80%  -  H 

80-90%  -  H 

Removal  by  Treatment  and  Compounds 
Phenolics  


PHENOLICS 
(|ig/L) 


AVERAGE 
PERCENT  AQUEOUS  REMOVAL 


S 
1° 
STPS 


4 

LAGOO 
NS 


19 
2° 
STPS 


16 

2°(N) 
STPS 


4 

3»(N) 
STPS 


m-cresol 

50-80% 

80-90% 

80-90% 

50-80% 

o-cresol 

<50% 

50-80% 

80-90% 

50-80% 

50-80% 

p-cresol 

>95% 

>95% 

>95% 

>95% 

phenol 

>95% 

>95% 

>95% 

>95% 

Ontario 


Removal 
Base-Neutral  Extractables 


BASE-NEUTRAL 


AVERAGE 
PERCENT  AQUEOUS  REMOVAL 


EXTRACTABLES 

(mg/L) 

5 
1° 
STPS 

4 

LAGOONS 

19 

2° 
STPS 

16 

2-(N) 
STPS 

4 

3«(N) 
STPS 

Bis-2- 

ethylhexylphthalate 

80-90% 

90-95% 

50-80% 

90-95% 

Butylbenzylphthalate 

50-80% 

50-80% 

50-80% 

Indole 

>95% 

>95% 

>95% 

>95% 

^'^^Ontario 


Removal  &  Partitioning 
PAHs 


POLVCYCLIC 
AROMATIC 
HYDROCARBONS 


AVERAGE 

PERCENT  AQUEOUS  REMOVAL  -  SLUDGE 
PARTITIONING  INDICATORS 
(FOR  SLUDGE:  L  (<10X),  M  (10  TO  lOOX),  H  (>  lOOX)) 


(PAHS) 
(mg/L  -  ng/g  DRY) 

5 
I' 
STPS 

4 

LAGOON 
S 

19 

2» 
STPS 

16 
ST?§ 

4 

S'/p^ 

Acenaphthene 

-M 

-L 

-M 

-M 

-L 

Benzo(a)anthracene 

-M 

-L 

-H 

-M 

-M 

Benzo(a)pyrene 

-M 

-L 

-H 

-M 

-M 

Chrysene 

-H 

-L 

-H 

-M 

-M 

Dibenzo(a,h)anthracene 

-L 

-M 

-L 

-L 

Fluoranthene 

-H 

-M 

-H 

-H 

-M 

Naphthalene 

-M 

-M 

50-80%  -  M 

-M 

-M  I 

Perylene 

-M 

-L 

-M 

-L 

-L 

Partitioning 
Chlorobenzenes  and  Orpanochlorines 


CHLORO- 
BENZENES 
(ng/L  -  ng/g  DRY) 


1,2,4- 

trichlorobenzene 
Octachlorostyrcne 


AVERAGE 
SLUDGE  PARTITIONING  INDICATORS 
( L  (<10X),  M  (10  TO  lOOX),  H  (>  lOOX)) 


5 
1° 
STPS 


4 

LAGOONS 


19 
2" 
STPS 


16 

2"(N) 
STPS 


4 

3°(N) 
STPS 


Removal  and  Partitioning 
Dioxins  and  Furans 


AVERAGE 

PERCENT  AQUEOUS  REMOVAL  -  SLUDGE  PARTITIONING  INDICATORS 
IFOR  SLUDGE:  L  (<10X),  M  (10  TO  lOOX),  H  (>  100X)| 


DIOXINS  AND  FURANS 
(PG/L) 


1 23467S-lieptachlorodioxin 

Octacblorodioxia 

Octachlororuran 


PRIMARY 
STPS 


<50%  -  H 

-H 
50-80%  -  H 


SECONDARY 
STPS 


SECONDARY  TERTIARY 
NITRIFYING  NITRIFYING 
STPS  STPS 


-H  <50%-H       <50%-H  -H 

)-90%-H    50-80% -H      <50%-H      90-95%  -  H 
<50%  -  H      50-80%  -  H    90-95%  -  H 
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Removal  and  Partitioning 

Brominated  Diphenvl  Ethers 

Bromumted 
Diphenyl  Etben 

Average 

Percent  Aqueous  Removal  -  Sludge  Partitioning  Indicators 
(For  sludge:  L  (<10x),  M  (10  to  lOOx),  H  (>  100x)| 

(ng/L) 

5  Primflry 
STP« 

4  Lagoons 

19  Secondary 
STPs 

16  Secondai7 
Nitrifying  STPs 

4  Tertiary 
Nitrifying  STPs 

BDE-lOO 

50-80%  -  H 

90-95%  -  H 

80-90%  -  H 

50-80%  -  H 

80-90% 

-H 

BDE-I38 

»95%  -  H 

90-95%  -  H 

50-80%  -  H 

50-80% 

-H 

BDE-1S3 

50-80% -H 

>95%  -  H 

90-95%  -  H 

50-80%  -  H 

80-90% 

-H 

BDE-1S4 

50-80% -H 

>95%  -  H 

90-95%  -  H 

50-80%  -  H 

80-90% 

-H 

BDE-17 

50-80%  -  H 

90-95%  -  H 

50-80%  -  H 

50-80%  -  H 

50-80% 

-H 

BDE-183 

50-80%  -  H 

>95%  -  H 

90-95%  -  H 

80-90%  -  H 

<50%  - 

H 

BDE-209 

50-80%  -  H 

>95% 

>95%  -  H 

50-80%  -  H 

50-80% 

H 

BDE-28 

80-90%  -  H 

90-95%  -  H 

80-90%  -  H 

50-80%  -  H 

80-90% 

H 

BDE-)7 

50-80%  -  H 

90-95%  -  H 

80-90%  -  H 

50-80%  -  H 

80-90% 

-H 

BDE-49 

50-80% -H 

90-95%  -  H 

80-90%  -  H 

50-80%  -  H 

80-90% 

-H 

BDE-M 

50-80% -H 

90-95%  -  H 

80-90%  -  H 

50-80%  -  H 

50-80% 

H 

BDE-71 

50-80%  -  H 

90-95%  -  H 

80-90%  -  H 

50-80%  -  H 

80-90% 

H 

BDE-85 

>95%  -  H 

90-95%  -  H 

 50-80% -H 

80-S0% 

H 

50-80%  -  H 

80-90%  -  H 

SO-SOS-'H 

so-«o% 

■  H 

'  2S05 

Benchmark  Comparison  for  Substances  of  Potential 
Concern  by  STP  type 


■  Lagoon  Average  Value  □  Primary  STP  A«rage  Value  □  Secondary  STP  Average  Value 

□  Secondary  (N)  STP  Awrage  Value  □  Tertiary  (N)  STP  Average  Value  —Benchmark 


General  Observations 


Removals  are  compound  specific 

Partitioning  to  sludge  is  tiiatt  for  certain  compounds 

Higher  ieveis  of  conventional  treatment  does  not 

correlate  to  increased  removal  of  microcontaminants 

Ammonia  ieveis  is  not  a  satisfactory  surrogate  for 

removals  of  microcontaminants 

Conventional  treatment  up  to  tertiary  treatment  is 

inadeguate  for  virtual  elimination  of  most  compounds 

analysed 


Sample  Removal  Technologies 
Eliminate  many  Microcontaminants'' 


Conventional  3"  Treatment 

-Activated  Sludge  +  Sand  Filtration 

Recommended  Upgrades 

-Granular  Activated  carbon  +  Ozone 
-Membrane  Filtration  +  Reverse  Osmosis 


^From  "Available  Technology  and  Implementation  Costs  to  Meet  Selected 
Effluent  Criteria  for  Municipal  Sewage  Treatment  Plants",  2004  -  A  report  for  MOE  by  HI, 
XCG  and  Enviromega.   


20-Year  Costs  of  Upgrades^ 


Estimated 
STP  Size  Total  Capital  Cost  of 

(PE)         Conventional  3°  Treatment 
(Million  $) 

5000  4 
50000  14 
200000  41 


Estimated 
Total  Capital  Cost  With 
Upgrades 
(Million  $) 


6 

34 
96 


Conventional  3°  Costs 


Cost  With  Upgrading 


$200  -  $800 /PE 


$500 -$1200  /PE 


^ Jones  et  al,  2007  "Questioning  the  Excessive  Use  of  Advanced  Treatment  to  Remove 
Organic  MicropoUutants  from  Wastewater",  Environ.  Sci.  Techno!.  (41)  _ 


Removal  Technologies  and  Costs: 
(Jones  et  al.,  2007) 


Economic  analysis  concluded  that  quaternary  treatment 
may  be  economically  and  environmentally  undesirable  due 
to 

-  Increased  energy  consumption 

-  increased  COj  emissions 

Modifications  to  existing  treatment  technologies  may  be 
almost  as  effective  at  much  lower  environmental  and 
fmanciai  costs 

-  Increased  sludge  age  In  activated  sludge  systems 

-  increased  HRT  In  conjunction  with  nutrient  removal  stages 
Environmental  or  economic  benefits  of  removing  CEC  are 
difficult  due  to  site  specific  and  compound  specific  Issues 
which  generally  take  a  long  time  to  become  fully  apparent 

-  no  attempt  was  made  to  assess  these  benefits 
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Research  Needs  for  Discussion 


Comprehensive  literature  review  to  determine 
knowledge  base  and  where  gaps  exist 
Intense  interstage  study  at  3°  STPs  to  identify 
primary  modes  of  removal  and  optimization 
areas 

Bench/Pilot  scale  controlled  study  to  investigate 

meclianisms  and  mass-balances 

MDL  development  where  environmentally 

relevant 

•  MDL  improvements  for  sludge  matrices 


Research  Needs  for  Discussion... 

Quantify  benefits  of  nitrification/long  SRT  for 
removals  and/or  partitioning 
Identify  specific  microcontaminants  to  target 
with  corresponding  benchmarks 
Bioassay  for  EDC  effects  as  a  cost  effective 
method  to  test  whole  effluents  for  subtle  effects 
Ecological  impacts  ofbiosolids  application  and 
runoff 


32/35 


SummarylQuestions 

•  Identification  of  important  microcontaminants 
for  municipal  wastewater  effluents 

•  Need  for  chemical  specific  exposure,  effects 
and  toxicity  numbers  for  design  basis  of  STPs 

•  Benefits  of  Nitrification,  higher  SRTs  or  other 
factors? 

•  Removal  technologies  and  costs  -  Can  we 
afford  "virtual  elimination"? 

•  Where  do  we  focus  our  research  efforts? 
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Abstract 

Construction  of  horizontal  wells  in  municipal  solid  waste  for  leachate  and  gas 
recovery 

This  project  focused  on  the  development  of  a  field  monitoring  system  to  quantify  the  behaviour 
and  construction  of  leachate  collection  wells  installed  in  municipal  solid  waste  using  a 
directional  drill  rig.  The  main  function  of  these  wells  is  to  retrofit  municipal  solid  waste  landfills 
that  have  high  leachate  levels  within  deposited  mixed  municipal  solid  waste  piles.  In  2005  and 
2006  the  construction  of  two  pilot  leachate/  gas  collection  wells  were  monitored  at  the  Region 
Municipality  of  Waterloo  landfill  site.  The  two  pilot  wells  were  213  and  275  m  long  and 
dropped  an  elevation  of  33  and  35m  respectively.  Several  drilling  attempts  were  made  to 
complete  the  well  installations  and  field  data  on  drill  rig,  pipeline  performance  and  the 
construction  of  the  wells  was  recorded.  Lessons  learned  during  the  project  included:  the 
development  of  a  real  time  data  logging  system  is  required  to  make  rationale  changes  to  the 
drilling  and  construction  program;  the  installation  of  gravity  drainage  wells  in  municipal  solid 
waste  is  feasible  with  a  large  directional  drill  rig;  leachate  levels  inside  a  municipal  waste  piles 
can  be  measured  during  the  construction  of  horizontal  wells;  and  more  research  is  required  to 
improve  construction  efficiencies.  Currently,  the  development  of  new  pilot  projects  are  being 
investigated  and  the  development  of  a  new  real  time  data  logging  system. 
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Construction  of  Leachate  Control 
Wells  in  Municipal  Solid  Waste 
(MSW)  with  a  Directional  Drill 


Outline 

•  Introduction  to  the  problem 

•  Overview  of  HDD 

•  Literature  review  findings 

•  Construction  of  Region  of  Waterloo  well 

•  Lessons  learned 

•  Next  steps  and  partnerships 

•  Questions 
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Program 

•  Introduction  to  the  problem 

•  Overview  of  HDD 

•  Literature  review  findings 

•  Construction  of  Region  of  Waterloo  well 

•  Lessons  learned 

•  Next  steps  and  partnerships 

•  Questions 


LEACHATE  COLLECTION 

Biofouling  and  clogging  of  collection  wells  is 
a  known  problem  that  can: 

-  Result  in  mounding  of  leachate  inside  MSW 

-  Increased  risk  of  leachate  contanninated 
groundwater  moving  offsite 


Leachate  level 


Pre  1980's  MSW  Facilities 

Mixed  waste  facilities:  bricks,  wood,  cars, 
fridges,  stoves,  wire,  rope,  paper,  etc... 

Often  no  leachate  collection  system 
installed  prior  to  waste  placement 


'Z:::l  t^^Ontario 


MSW  Challenges 

Difficult  to  measure  actual  leachate 
levels  in  MSW 


Distribution  of  leachate  in  MSW  is  not 
well  understood 

How  do  we  retrofit  MSW  landfills  with 
leachate  mounds? 


f^i^'JSl^^^^^^i^!!^I^'i'.  ^  Ontario 
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Construction  of  Vertical  Wells 


Capture  zone  is  limited 

High  maintenance  and  operation  costs 
-Silting  and  fouling 

-  Need  to  pump  leachate  $$$ 

-  Leacliate  very  corrosive  resulting  in  low  pump 
life  (five  years) 


Potential  NEW  Solution 

Construct  gravity  flowing  leachate  collection 
or  gas  collection  wells  using  a  directional 
drill 


Ontario 


HDD  Gravity  Well  Concept 


Perforated  Well 


Perforated  Well 
Leachate  level 


Program 

•  Introduction  to  the  problem 

•  Overview  of  HDD 

•  Literature  review  findings 

•  Construction  of  Region  of  Waterloo  well 

•  Lessons  learned 

•  Next  steps  and  partnerships 

•  Questions 
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Program 

Introduction  to  the  problem 
Overview  of  HDD 
Literature  review  findings 

Construction  of  Region  of  Waterloo  well 

Lessons  learned 

Next  steps  and  partnerships 

Questions 


Literature  Review  Findings 


Four  case  studies 

Directional  drilled  wells  can  be  installed 

Need  maxi  drill  rig  with  large  pull  back  and 
torque 

Steel  well  screen  preferred 
Wireline  location  system  required 
Construction  time  varied  from  4  to  30  days 


Program 

Introduction  to  the  problem 

Overview  of  HDD 

Literature  review  findings 

Construction  of  Region  of  Waterloo  well 

Lessons  learned 

Next  steps  and  partnerships 

Questions 


Construction  Requirements 

■Gravity  flow  well  must  tie  into  existing  leachate 
collection  system 


-  Drill  from  top  of  waste  pile  to  leachate  collection 
system: 

•  700  to  900  feet  long  bores 

•  Elevation  change  of  up  to  120  feet 

•  Drill  through  mix  municipal  solid  waste  (MSW)  of 
unknown  composition 
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Project  Tender 

Preconstruction  Meeting 

•  Municipal  Owner  and  consultant  determined 
the  project  feasible  and  constructible 

•  Project  tendered 

-  construction  of  two  HDD  gravity  well  for  the 
collection  of  leachate  and  gas 

-  Received  one  bid  from  Earth  Boring  Co.  Ltd 

•  Project  described  as  a  pilot  project 

-  Collaborative  input  from: 

•  Owner,  consultant,  contractor,  and  Center  for 
Advancement  of  Trenchless  Technologies  (CATT) 

-  Main  purpose  of  project  was  to  learn  how  to 
construct  and  install  HDD  gravity  wells  in 
IVISW 

,    ^    Ontario 

Field  Instrumentation 

•  Drill  rig  thrust/pull  and  rotation  gage 
pressures 

•  Pipe  load,  strain  and  deflection 

•  Leao^^te  &  drill  fluid  pressures 


East  Well 
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East  Well  Bore  Plan 

8in  HOPE  carrier  casing 

6"  HDPE  perforated  well  installed  inside 


East  Well  -  Construction 

•  No  drill  fluid  returns 

•  Pilot  bore:  3  weeks 
-drill  rig  problems 

•  Drilling  went  very  well 

•  Inherent  wireline  problems 

•  Sonde  temperatures  very  high  when 
not  drilling 


Installation  of  Well 

After  110  feet  of  Sin  carrier  casing 
installed  pipe  stopped  moving  while  drill 
rods  pulled  back 

New  something  broke  downhole 


Pipe  Pullout 


Could  not  pull  out  with  rubber 
tire  backhoe 

CAT  235  excavator  used  to  pull 
pipe  out 

Pull  out  loads  recorded 
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Bore  Fluid  Pressure  &  Pull  Load 

^SjLQodBdl  1 

45 

1  35 
If 

IPT-OI  1 

1  g  25 
1  = 
I  15 

5  - 

f\l          fPT^02  1 

10:30  AM       10:40  AM       10:50  AM       11:00  AM 

11:1 

}AM       11:20AM  11:30AM 

Bore  Pressure 

Pressure  decreased  within  2  to  4  minutes 
after  drilling  stopped 

Maximum  leachate  head  1 1m  on  pipe 
Very  little  leachate  flowed  out  of  the  bore 
path 

-  Why  did  this  occur  when  more  than  1 1  m  of 
leachate  head? 


Ontario 


Casing  Installation  -  S""^  Attempt 

•  Same  as  previous  installation 

•  Casing  stuck  at  135,  180  and  then  235ft 

•  High  rotation  with  sudden  pull  back 
pressure  spikes 

•  Pull  removed  and  abandoned  at  235ft 

•  High  pullout  force  required  to  remove  pipe 

•  Little  debris  on  reamer  or  swivel  upon  pull 
out 


Well  Installation  -  4^^  Attempt 

•  Decided  to  pull  4"  HDPE 

-  120ft  solid  -  remainder  perforated 

•  Pipe  snapped  20  feet  from  exiting 

•  Dug  back  to  break  at  top  and  pull  out  pipe 
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Condition  of  4"  HOPE 

r 

Safe  pulling  load  approx.  SOOOIbs  force 

Product  very  ductile  due  to  high  MSW  temperature 

Program 

Introduction  to  the  problem 

Overview  of  HDD 

Literature  review  findings 

Construction  of  Region  of  Waterloo  well 

Lessons  learned 

Next  steps  and  partnerships 

Questions 
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Lessons  Learned 

Drill  rig  torque  nnore  important  than 
thrust/pull  back 
-  Need  large  directional  drill 
Waste  can  quickly  squeeze  around  pipe 
Ground  obstacles  can  create  challenges 

Carrier  casing  subjected  to  high  tensile 
forces 


Lessons  Learned 

Need  for  real  time  data  on  pipe  and  drill  rig  to 
understand  what  is  happening  down  bore 
Bore  pressure  and  temperature  data  very 
interesting 

Pilot  bore  successful  -  Well  installation  possible 
More  research  and  experimentation  required 

HDD  leachate  wells  can  be  constructed  in  MSW 


Program 

Introduction  to  the  problem 

Overview  of  HDD 

Literature  review  findings 

Construction  of  Region  of  Waterloo  well 

Lessons  learned 

Next  steps  and  partnerships 

Questions 
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Research  Needs 

HDD  well  construction  methods  and  down 
hole  tools  -  reamers 

Development  and  validation  of  a  real  time 
DAQ  system 

Collection/analysis  of  installation  data 

-  leachate  distribution  and  movement  in  MSW 

-  Well  performance 
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NEE 
F 

Proper  de? 
con 

D  NEW  PILOT 
PROJECTS 

;ign,  planning  and  improved 
struction  productivity 

Program 

•  Introduction  to  the  problenn 

•  Overview  of  HDD 

•  Literature  review  findings 

•  Construction  of  Region  of  Waterloo  well 

•  Lessons  learned 

•  Next  steps  and  partnerships 

•  Questions 


Special  Thanks  To 

•  Robert  Bruce  -  MOE 

•  MOE  Best  In  Science  Grant  for  providing 
research  funding 

•  Regional  Municipality  of  Waterloo  for  completing 
pilot  study  project 

•  Centre  for  the  Advancement  of  Trenchless 
Technologies  (CATT) 
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Tim  Van  Seters 


Presenter  Biography 


Tim  Van  Seters  has  a  Bachelor  of  Science  from  the  University  of  Toronto  and  a  {Rasters 
in  Environmental  Studies  from  the  University  of  Waterloo.  He  currently  manages  the 
Sustainable  Technologies  Evaluation  Program  at  the  Toronto  and  Region  Conservation 
Authority.  Prior  to  joining  the  Conservation  Authority  in  2002,  he  was  employed  as  a 
scientist  with  a  multi-agency  program  based  out  of  the  Ontario  Ministry  of  the 
Environment.  Tim  has  published  several  reports,  conference  papers  and  journal  articles 
in  the  general  areas  of  water  quality,  hydrology  and  stormwater  management. 
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The  Sustainable 


jJl^p  Technologies  Evaluation 


Program 


H^onservation 


jjj^p  Overview 


Multi-agency  program  led  by  TRCA 
Main  objectives: 

>  Monitor  and  evaluate  clean  water  and  clean 
air  teclinologies 

>  Address  implementation  barriers 

y  Develop  tools,  guidelines  and  policies 

>  Education,  advocacy,  and  technology 
transfer 


web  address:  www.sustalnabletechnoloales.ca 


STEP  Steering  Committee 

(Clean  Water) 

Members  include  representatives  of  the  following 

organizations: 

•  Great  Lakes  Sustainability  Fund 

•  Fisheries  and  Oceans  Canada 

•  Ontario  Ministry  of  the 
Environment 

•  Urban  Development 
Institute 

•  Ontario  Centres  of 
Excellence 

•  National  Water  Research 
Institute 

•  TRCA 

•   Peel,  York,  Toronto 

STEP  (Water):  Key  Areas 

•  Water  balance  approach  to  stormwater 
management 

•  Construction  Site  Erosion  and  Sediment 
Control 
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Green  Roofs 

•  Three  year  performance 
evaluation,  completed  in  2006 

•  Addressed  stormwater  and 
biodiversity  benefits 

•  Life  cycle  cost  assessment, 
completed  in  2007 

•  Both  studies  helped  to  inform 
municipal  green  roof  policies  and 
guidelines 


Permeable  Pavement  and 
Bioswale  Demonstration  Project 

•  Seneca  College  King  campus  study  site  monitored  from 
2005  to  2007 

•  Focused  on  the  effects  of  stormwater  infiltration  on 
groundwater  quality  and  soil  quality  and  long  term  viability. 

•  Results  used  extensively  in  development  review  process 
and  for  guideline  development 
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Rainwater  Harvesting 
Demonstration  Project 

•  Initiated  with  Metro  Label  in  2006, 
expands  to  3  sites  in  2008 

•  Sites  represent  different  system 
configurations  and  building  uses 
(industrial,  high:  rise  residential, 
institutional) 

•  Monitoring  data  will  be  used  to 
help  improve  technology  and 
develop  a  design  tool. 


Sediment  Control  Ponds 

•  Monitoring/modelling  of 
'enhanced  level'  construction 
sediment  pond  in  Markham,  ON 

•  Objective:  to  evaluate  existing 
sediment  pond  design  criteria 

•  Recommendations  on  pond 
design  incorporated  into  the 
2006  ESC  Guideline  for  Urban 
Construction 


Compost  Biofilters 

•  study  conducted  in 
partnership  with  Guelph 
University  in  2007 

•  Investigated  the  effectiveness 
of  compost  biofilters  for 
removal  of  sediment  under 
varying  conditions 

•  Technology  evaluated  under 
both  laboratory  and  field 
conditions 
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ESC  Catchment  Controls 


•  Construction  site  in  Vaughan  to 
serve  as  a  demonstration  of  the 
new  ESC  Guideline 

•  Includes  various  innovative 
cathment  controls 

•  Focus  on  individual  technologies 
and  receiving  water  effects 

•  Demonstration  of  a  web-based 
inspection  tool  and  a  phased 
ESC  plan  with  phased  approvals 


Policy  and  Guideline 
Development 

•  Water  Management  Guideline 
and  Water  Balance  Model 

•  Municipal  SWM  policies 

•  GGHA  Conservation  Authorities 
ESC  Guideline 

•  ESC  Inspector's  guide 

•  ESC  Design  guide 


Technology  Transfer 

•  Workshops:  once  or  twice  a  year 

•  Upcoming  workshops: 

>  Innovative  SWM 

>  ESC  training  for  inspectors  and 
design  engineers 

•  Annual  reports,  fact  sheets, 
conference  papers  and  journal 
articles 

•  Site  tours,  public  events,  etc. 


STEP  Website 
www.sustainabletechnologies.ca 


Program  Partners 

•  Great  Lakes 
Sustainability  Fund 

•  Toronto  and  Region 
Remedial  Action  Plan 

•  Ontario  Ministry  of  the 
Environment 

•  Regional  Municipalities  of 
Toronto,  York,  Peel 

•  Fisheries  and  Oceans 
Canada 

•  Seneca  College 


Individual  Project  Spons 

City  of  Markham 

City  of  Mississauga 

Oak  Ridges  Moraine  Foundation 

JPM  Charitable  Foundation 

Cement  Association  of  Canada 

Interlocking  Concrete  Paving 

Institute 

Universities 

Federation  of  Canadian 

Municipalities 

WalMart 

Development  groups 

Layfield  Plastics 

Emco 

UniLock 

Hanson 

and  others... 


Thank  You 


Tim  Van  Seters 

Phone:  416  661  6600  ext.  5337 
Email:  tvanseters(a)trca.on.ca 
www.sustainabletechnologies.ca 


onservation  M 


for  The  Living  City 


Sustainable  Technologies 

Evaluation  Program 


Water  Standards  Technology  Transfer  Forum  -  April  10,  2008 


46 


Ron  Hofmann 

Presenter  Biography 

Ron  Hofmann  is  a  professor  in  Civil  Engineering  at  the  University  of  Toronto.  His  work  focuses 
on  drinking  water  treatment  with  an  emphasis  on  disinfection  technologies  and  disinfection  by- 
products. He  routinely  works  with  municipalities  and  consultants  on  treatment  optimization 
projects,  and  has  also  undertaken  several  research  projects  with  the  Ontario  Ministry  of  the 
Environment  in  the  past. 

Abstract 

Disinfection  By-Products 

A  short  background  on  the  risks  of  disinfection  by-products  in  drinking  water  is  presented, 
covering  current  knowledge  about  health  effects  and  emerging  compounds.  The  implications  of 
the  Ontario  Ministry  of  the  Environment's  proposed  new  lower  limits  on  several  classes  of 
DBPs  is  discussed,  as  well  as  methods  to  reduce  DBPs  in  drinking  water. 


Water  Standards  Technology  Transfer  Forum  -  April  10,  2008 


47 


Disinfection 
By-products 

Ron  Hoftnann,  Ph.D.,  P.Eng 
University  of  Toronto 

Zoran  Filinov,  P.Eng 
R.V.  Anderson  Ltd. 

Rob  Dumancic 

Ontario  Ministry  of  Environment 


What  are  disinfection  by-products? 
(DBPs) 

•  Chemicals  introduced  to  water  due  to  disinfection 

•  Usually  health  threats  (e.g.  THMs) 

=  Sometimes  operational  threats  (e.g.  AOC) 


Cancer  Fetal  development  Biofilm 


How  do  you  form  DBPs? 

Very  complex  chemical  pathways 
Summary: 

CI2  +  natural  organic  matter  (NOM)  ->  DBPs 

NH2CI  +  NOM  ^  DBPs 

O3  +  bromide  bromate 

CIO2  +  organics/inorganics  ->  chlorite,  chlorate 

UV? 


How  do  you  form  DBPs? 

Ultraviolet  light  (UV) 

•  Does  not  form  DBPs  at  disinfection  doses 
(40  mJ/cm^) 

•  Does  not  influence  downstream  Clg-related  DBPs 


How  do  you  form  DBPs? 

Chloramines  (NH^Cl,  NHCl^) 


•  Does  not  form  trihalomethanes  (THMs) 

•  Forms  low  concentrations  of  haloacetic  acids 
(HAAs) 

=  Except  if  ammonia/Clj  mix  is  inefficient 


I 


How  do  you  form  DBPs? 

Recent  chloramine  research: 

•  Toxic  chloramine  DBPs  at  low  concentrations 
(e.g.  NDMA) 

•  Future:  may  need  to  revisit  assumption  of 
"no  DBPs  when  chloraminating" 
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How  do  you  form  DBPs? 

Chlorine  (CIJ 

CI2  +  natural  organic  matter  (NOM) 

->  organohalides  (AOX) 

THMs 
HAAs 

Haloacetonitriles 
Haloketones 
Cyanogen  halides 
etc.... 


Typical  AOX  composition 


Chlorine  DBPs 


35% 


■  THMs 
•  HAA3. 
KmrnTiolIieis 


DBP  health  effects 

Some  consensus  that: 

•  THMs  aren't  toxic  at  tap  water  concentrations 

•  Some  HAAs  (DHAA)  are  a  little  more  toxic,  but 
still  potentially  not  at  tap  water  concentrations 

•  "Good"  epidemiological  evidence  of  increased 
health  risks  associated  with  Cl^  DBPs 
(using  THMs  as  surrogate) 

Logical  to  use  THMs  as  indicator  of  risk 


Regulations 


Ontario 

U.S. 

WHO  ] 

THMs 

lOOng/L 
(proposed  80  ng/L) 

80  ng/L 

Variable 

HAAs 

None 
(proposed  80  ng/L) 

60  ixg/L 

Variable 

chlorite,  chlorate 

1.0mg/L 

1.0  mg/L 

0.7  mg/L 

bromate 

10ng/L 

iOng/L 

10ng/L 

cyanogen  chloride 

None 

None 

70^g/L 

haloacetonitriles 

None 

None 

Various 

A  note  about  THM  measurements... 

Health  Canada  Guidance: 
°  acidify  samples  during  collection  (pH  <  4.5) 
otherwdse,  possible  20-30%  overestimation  of 
THMs 

Ontario:  does  not  require  sample  acidification. 
Research  experience: 

•error  is  smaller  in  "old"  water,  larger  in  "new" 
water. 


I 


MOE  Project:  Guidance  Manual  for 
Simple  Methods  to  Control  THMs  and  HAAs 

•  Proposed  new  THM  limit  (100  )ig/L  —>■  80  |ug/L) 

•  Proposed  new  HAA  limit  (80  |ag/L) 

•  Addresses  plants  slightly  over  limits  (10-20%) 


•  What  are  the  simple  (cheap)  things  that  can  be 
done? 


Ontaio 
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Reducing  DBFs 


1.  Reduce  disinfectant  dose? 

2.  Remove  more  NOM  (TOC)  prior  to  Cl^? 

3.  Adjust  pH? 


Reducing  DBPs 


Reduce  disinfectant  dose 

Common  CT  calculations  are  filled  with 
overly  conservative  assumptions 

e.g.  Required  CT  is  based  on  everything  worst-case 
Oowest  annual  temperature,  highest  pH,  etc.) 


200 
180 
„  160 
^  140 
1  120 
o.  100 
—  80 


■  CT  Provided 
CT  Required  {0.5-log  Giardia) 


#  .^'^  ^0<^  ^^'^  ^  4^ 

Date 


Reducing  DBPs 

1.  Reduce  disinfectant  dose  (cont'd) 

"  Solution:  online  Cl^  /  CT  monitors  to  avoid 
overdosing  with  Cl^ 

Problem:  plants  reluctant  to  reduce  Cl^:  need  good 
studies  proving  ability/effectiveness  of  Cl^  reduction 


Reducing  DBPs 

2.  Remove  NOM/TOC  prior  to 
°  Avoid  pretreatment  with  Cl^ 
"  Enhanced  coagulation 
•  Do  jar  tests  based  on  TOC  reduction;  not  turbidity 


s.  3 

o 

o 


Ameliasburgh  WTP  jar  test,  March  2008.  THM/HAA  data  forthcoming. 


Current  Dose 


Optimum 


10  15  20 

Hyperion  2021  Dose  (mg/L) 


30 
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Reducing  DBPs 

2.  Remove  NOM/TOC  prior  to  CI2  (cont'd) 

°  Streaming  current  detector 
"online  jar  tester"  (?) 

=■  Benefits  for  DBP  reduction  in  research  stage 


Accufloc  streaming 
current  detector 


Reducing  DBPs 

3.  Adjust  pH? 


Consider  THM  regulations 
and 

good  judgment 


120 
100 

Ottawa 
River 

SO 
40 

.1 

ll 

■  THMs 
-  HAAs 
■AOX 

20 

0 

pH6  5 

pH8  5 

1 


Conclusions:  Reducing  DBPs 

1.  Better  control  over  CI2  dose 

"  Online  Cl^  monitoring  and  CT  calculators 
=  Need  more  case  studies  to  build  confidence 

2.  Better  NOM  removal 

-  Jar  tests  for  maximizing  TOC  removal 
°  Streaming  current  detectors? 
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Panelists  Biographies 


Heather  Brodie-Brown  is  a  Senior  Contaminant  Hydrogeologist  in  the  Water 
Standards  Section  of  the  Ministry  of  the  Environment.  She  is  a  Professional  Geoscientist 
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Degree  in  Groundwater  Resource  Management  from  University  College  part  of  the 
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Excellence  in  Research  and  Development  in  the  field  of  Wastewater  Treatment  for  his 
work  at  the  Ministry.  Mano  and  his  team  have  also  received  an  Award  of  Excellence  in 
Quality  Public  Service,  for  Sewage  Treatment  Plant  Optimization  Work,  from  the  Public 
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Vice-President  to  the  American  Water  Works  Association. 


Water  Standards  Technology  Transfer  Forum  -  April  10,  2008 


52 


Water  Standards  Technology  Transfer  Forum 

I'Ttitedttnt 


^^^Ontario 


A  Review  of  the  Performance  of 
Ontario  Lagoons  Compared  to  the 
CCME  Standard 
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Sumithra  Naguleswaran  (MOE) 


April  f  0*  2008 


Presentation  Outline 

•  New  CCME  Standard 

•  Comparison  of  CCME  Standard  to 
Ontario  Policy  -  Procedure  F-5-1 

•  Ontario  Continuous  and  Seasonal  Discharge 
Lagoons  not  Meeting  CCME  (25/25)  Criteria 

•  Need  for  Optimization  Studies? 

•  $$  for  Meeting  the  CCME  Standard? 

•  Summary  lead  into  discussion 


B^ntariol 


New  CCIVIE  Standard 

•  CCME:  "Canada-wide  Strategy  for  the  Management  of 
Municipal  Wastewater  Effluent",  look  to  set  a  national 
performance  standard  of: 

-  25  mg/L  CBOD5  and 

-  25  mg/L  SS 

•  Currently  the  Averaging  Frequency  depends  on  laaoon 
discharge  mode. 


BBaT    1   B^ntariol 


Comparison  of  CCME  Standard  to 
Ontario  Policy  -  Procedure  F-5-1 

•  MOE  Annual  or  During  Disdiarqe  Compliance 
Criteria: 

-  30  mg/L  CBOD5 

-  40  m/L  SS 

•  CCME 

-  25  mg/L  CBOD5 

-  25  m/L  SS 

-  averaging  frequency  depends  on  Lagoon  type 

■'_:jSt^S'  ~i  ■"■"»  B  Ontariol 


MOE  Procedure  F-5-1 
DETERMINATION  OF  TREATMENT  REQUIREMENTS  FOR  MUNICIPAL 
AND  PRIVATE  SEWAGE  TREATMENT  WORKS  DISCHARGING  TO 
SURFACE  WATERS 
part  of  Table  1.  Effluent  Criteria 


Lagoon  Types 
and 

Effluent  Design 
Objectives 
(mg/L) 

Effluent 
Guidelines 
(mg/L) 

Processes 

CBOD; 

SS 

CBOD5  SS 

Continuous  Discharge  Lagoons 

25 

30 

30  40 

Seasonal  Discharge  Lagoons 

25 

30 

30  40 

Seasonal  Discharge  Lagoons 
with  Batch-TP  Removal 

15 

20 

25  25 

Seasonal  Discharge  Lagoons 
with  Continuous-TP  Rennoval 

25 

30 

30  40 

Egrig'  !S  0ntario| 


Design  and  Compliance  Principles 
Related  to  Table  1  -  Effluent  Criteria 

•  Design  and  Operate  at  a  higher  level  than  what 
you  want  to  comply  at  {Design  Objectives) 

•  "Not  to  exceed"  realistically  means  >  95%  of  the 
discharge  period  {continuous  or  seasonal) 

•  Regulatory  monitoring  and  compliance 
requirements  to  ensure  "Not  to  exceed"  is  met 

•  All  the  above  in  the  "interest  of  the  public"  at  the 
discretion  of  the  signing  Director  s.  53  OWRA 

"  S  Ontariol 
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Type  of  Sewage  Treatment  In  Ontario 


Data  consists  of  1 1 7  Lagoons 

Covering  a  period  of  1995-2006 


Spray  Irrigation 
1% 
(2) 


462  Total  Ontario  STPs 


S^ntariol 


44  Continuous  Discharge  Lagoons 
Exceeding  CCME  &  MOE  Criteria  - 1995-2005 


CCME  I  MOE 
Thrice  Yearly 


CCME  1  MOE  CCME  |  MOE 
Semi-annually  |  Annually 


1  SS  (mg/L)  □  BODS  {mgIL) 

CCME=25/25  mg/L       MOE=3a/4a  mg/L 
SsSlAT    I  Bfatariol 


Ontario  Continuous  DIscliarge  Lagoons 
Not  Meeting  CCME  (25/25)  Standard 


CCME 
Averaging  Frequency 


Out  of  44  Continuous 
Discharge  Lagoons 
%  (#) 


CBOD; 

SS 

Monthly 

42%  (19) 

63%  (28) 

Quarterly 

27%  (12) 

46%  (20) 

Thrice  Yearly 

22%  (10) 

43%  (19) 

Semi-Annually 

16%  (7) 

32%  (14) 

Annually 

13%  (6) 

17%  (7) 

Bt)ntario| 


Ontario  Seasonal  Discliarge 

Lagoons 

Not  Meeting  CCIVIE  (25/25)  Criteria 

Out  of  73  Seasonal 

CCME 

Discharge  Lagoons 

Averaging  Frequency 

%  (#) 

CBOD; 

SS 

Spring  or  Fall 

5%  (4) 

31%  (22) 

Spring 

5%  (4) 

18%  (13) 

Fall 

3%  (2) 

13%  (9) 

S^ntaric^ 

Ontario  Aerated-Facultative  Lagoon 
Continuous  Discliarge 


Aerated  Cell  (C1a):  1.25  ha 
•1.5m  average  depth 

•  fine  bubble  aeration 

•  floating  baffle 

Facultative  Cell  (C1b):  1.75  ha 

Facultative  Cell  (C2):  4.62  ha 

Rated  Design  Capacity:  2.3  ML/d 
Average  2006  Flow:  1.1  IMUd  (49%) 

Design  Population:  8450 
Population  Served:  5365  (64%) 


B^ntarioj 


Ontario  Aerated-Facultative  Lagoon 

Continuous  Discharge 

Effluent  CBODg  -  iVIonthly  1996-2006 


Meets  25  mg/L  CBOD, 

99.2%  of  the  time 

•  • 

• 

•  •  • 
•  • 

•  • 

• 

•  «  • 

•  '.V 

96      97      98      99      00      01      02      03      04      05  06 
Year 


B  ^ntari(j 
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Ontario  Aerated-Facultative  Lagoon 
Continuous  Discharge 
Effluent  SS  -  IVIonthly  1996-2006 


Meets  25  mg/L  SS 
98.5%  of  the  time 


25  
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Need  for  Optimization  Studies? 


•  In  Ontario  7-28  continuous  discharge  lagoons  and  more 
than  9-22  seasonal  lagoons  need  assessment 
depending  of  averaging  frequency 

•  Currently  we  don't  really  know  if  technology,  design, 
operation  or  loading  is  the  cause  of  non-compliance 
since  many  of  the  lagoons  comply 

•  Site  specific  issues  due  to  the  complexity  of  lagoon 
performance  is  necessary 

•  Need  to  compare  lagoons  that  comply  to  those  that  don't 
comply  to  CCME  for  insight 

•  Continuous  discharge  lagoons  will  typically  require 
upgrading  (e.g.  supplemental  aeration,  sand  filters, 
baffling,  more  cells,  sludge  dredging...) 


$$  of  Meeting  the  CCME  Standard? 

•  Costs  will  be  site  specific  and  divided  by  Capital  Costs 
and  Operation  &  Maintenance  Costs  (O&M) 

•  Capital  Costs  depends  on  design  flow 

-  Screening  level  diagrams  are  available  but  these  need  to  be 
refined  for  site  specific  applications  (see  next  slides) 

•  O&M  costs  depend  heavily  on  energy  consumption 

-  Screening  level  energy  equations/tables  available 

•  Construction  costs  for  specific  upgrading  alternatives  are 
available  (see  next  slides)  but  again  these  alternatives 
need  to  be  refined  for  specific  sites 
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Comparative  Costs  and  Upgrading  Alternatives 
(U.  S.  EPA  Design  Manual  1983,EPA-625/1-83-015) 
1978  USD  Annual  Cost  Table 


Ml  GMU* 

"S — 
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Sample  $  Calc 

"  Order  of  Magnitude 


«.w    o.oa  ^ 


=  1?  Capital  and  O&M  $ 
To  upgrade  to  ISF 
•.im  (Land  $  not  included) 

°  "  ^'^^      "  "-^ 

Pop  s  6000  peopie  served 

Total  =  $  58.000  /year  (1978  US$: 

=  °"  Total  =  $  184,000  /year  (2008  CJ) 
Ufe    $  3.7  MS  20-years  (2008  Cj 


'Costs  amortized  at  7%  and  20-year  life 
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Actual  Construction  Cost  by  Design  Flow 

Aerated  Lagoons  (1978  Cost  Base) 

(U.  S.  EPA  Design  Manual  1983,EPA-625/1-83-015) 
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Total  Energy  Requirements  by  Design  Flow 

Lagoons  Located  in  the  Intermountain  Area  of  the  U.  S. 

(U.  S.  EPA  Design  Manual  1983,EPA-625/1-83-015) 
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Summary  Questions  and  Needs 

•  What  averaging  frequency  is  appropriate? 

•  Wliat  do  we  do  with  Lagoons  in  Ontario  and  other  parts 
of  Canada  that  don't  comply  with  the  CCME  standard? 

-  Upgrade  during  a  phasing  in  period? 

-  Do  we  optimize  or  upgrade? 

-  Need  for  new  design  guidelines  for  optinnizations  or  upgrades? 

•  Assess  performance  and  incremental  costs  for  CCME 
compliance  at  different  averaging  frequencies 

-  Wlio  pays  for  assessments? 

-  Differences  in  site  specific,  continuous  and  seasonal  lagoons 

•  Consider  other  jurisdictions  (e.g.  Alberta)  that  have 
designs  that  may  improve  compliance 
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iFirstName 

LastName 

Affiliation 

Break-Out  Session 

Jay 

Nissanga 

ALS  Laboratories  Group 

Drinking  Water 

Nellie 

Gudzak 

ALS  Laboratories  Group 

Drinking  Water 

Michael 

Lywood 

AM  EC  Earth  &  Environmental 

Drinking  Water 

Terry 

Spiers 

City  of  Brantford 

Drinking  Water 

Robert 

Muir 

Dillon  Consulting  Ltd 

Drinking  Water 

Holly 

Wirth 

Engineering  Services,  Ontario  Clean  Water  Agency 

Drinking  Water 

Paul 

Sibley 

Environmental  Biology,  University  of  Guelph 

Drinking  Water 

A.  Taher 

Jamal 

Ministry  of  the  Environment 

Drinking  Water 

Brian 

Jobb 

MS  Filter  Inc. 

Drinking  Water 

Eric 

Czarnecki 

Ontario  Clean  Water  Agency 

Drinking  Water 

Kenneth 

Roberts 

Private  DW  Consultant 

Drinking  Water 

Abhay 

Tadwalkar 

Toronto  Water.  City  of  Toronto 

Drinking  Water 

Eric 

Wargel 

Township  of  Adjala-Tosorontio 

Drinking  Water 

Ron 

Hofmann 

University  of  Toronto 

Drinking  Water 

Kirsten 

Exall 

Urban  Water  Management,  Environment  Canada 

Drinking  Water 

Dave 

Truax 

Water  Distribution,  City  of  Barrie 

Drinking  Water 

Quirien 

Muylwyk 

Water,  Environmental  Infrastructure,  Stantec 

Drinking  Water 

Ian 

Parkinson 

WaterA/Vaste  water,  Dillon  Consulting 

Drinking  Water 

Tom 

Kissner 

WaterA^astewater,  Chatham-Kent  PUC 

Drinking  Water 

Michele 

Grenier 

XCG  Consultants  Ltd. 

Drinking  Water 

Kent 

Novakowski 

Civil  Engineering,  Queen's  University 

Hydrogeology 

Rachel 

Vaillancourt 

Hydrogeology  and  Source  Water,  Regional  Municipality  of  Waterloo 

Hydrogeology 

Paul 

Beck 

Jacques  Whitford 

Hydrogeology 

Allison 

Black 

Maxxam  Analytics 

Hydrogeology 

Michael 

Dutka 

MJD  &  Associates 

Hydrogeology 

Zoran 

Jokanovic 

Operations,  Ministry  of  Transportation 

Hydrogeology 

Mike 

Bingham 

Water  &Wastewater,  City  of  Hamilton 

Hydrogeology 

Phavana 

Chounramany 

ALS  Laboratories  Group 

Municipal  Wastewater 

Rebecca 

Fei 

Engineering  Department,  Town  of  East  Gwillimbury 

Municipal  Wastewater 

Hugh 

Monteith 

Hydromantis,  Inc. 

Municipal  Wastewater 

Lucyna 

Mroczek 

Ontario  Clean  Water  Agency 

Municipal  Wastewater 

Jason 

Oatley 

Public  Works,  Niagara  Region 

Municipal  Wastewater 

Bill 

Stiebel 

Resources,  Jacques  Whitford 

Municipal  Wastewater 

Catherine 

Jefferson 

Water  Environment  Association  of  Ontario 

Municipal  Wastewater 

Shirley  Anne 

Smyth 

Water  Science  and  Technology,  Environment  Canada 

Municipal  Wastewater 

Brent 

Lauber 

OACETT 

Municipal  Wastewater 

Sandra 

Kok 

Environment  Canada 

Stormwater  and  Watershed 

Irene 

Rubinstein 

IGR  Consulting 

Stormwater  and  Watershed 

Vida 

Stripinis 

Vida  Stripinis  &  Associates 

Stormwater  and  Watershed 

Sheldon 

Smith 

Water  Resources,  Jacques  Whitford 

Stormwater  and  Watershed 

Tasha 

Sutherland 

ALS  Environmental 

Not  indicated 

William 

Fernandes 

Environment,  Transportation  and  Planning,  Region  of  Peel 

Not  indicated 

Patrick 

Devlin 

Environmental  Services,  City  of  Peterborough 

Not  indicated 

John  F 

Thompson 

Ontario  Clean  Water  Agency 

Not  indicated 

Susan 

Atlin 

Toronto  Water.  City  of  Toronto 

Not  indicated 

Carmen 

Ches 

Water  &Wastewater,  City  of  Hamilton 

Not  indicated 

John 

Braam 

Water  and  Wastewater  Operations,  City  of  London 

Not  indicated 

Stephen 

Nutt 

XCG  Consultants  Ltd. 

Not  indicated 
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